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SUMMARY 


At the request of the USAF, NASA-Amea Research Center studied one class 
of an air mobile ICBM system; the dash-on-waming vehicle. The dash on warn- 
ing vehicle carries the USAF ICBMa within the fuselage of a large high perfor- 
mance subsonic-supersonic aircraft. This vehicle is maintained on ground 
alert status prior to warning of an impending attack. On receipt of warning, 
the aircraft-missile system performs a high acceleration t.akeoff followed by a 
supersonic dash to a "safe" distance from the launch site. On completion of 
the dash segment a subsonic long endurance mode is entered. This segment pro- 
vides tim.e to assess the threat and its potential outcome prior to launch of a 
retaliatory strike. In the event an air alert status is to be maintained be- 
yond cruise endurance capability, the dasti on warning aircraft-missile system 
has the ca]>abillty to land, refuel and takeoff In a conventional manner. 

The aircraft considered in this study were designed specifically for the 
combination of the supersonic dash on warning and the subsonic endurance role. 
The designs were not compromised for any other mi,ssions. Technology levels 
considered for the aircraft were state-of-the-art, as much as possible; con- 
sistent with an Initial and Operational Capability (IOC) in the early 1980’s. 

Three aircraft boost propulsion concepts were studied: an unstaged cryo- 

genic rocket system; an unstaged earth .storable liquid system; and a solid 
rocket staged system. Wing planfomi geometries considered were: a two- 

position wing; a conventional varl.’ible-sweep wing; and a fixed-wing. All 
systems used vertical takeoff in the nominal trajectory hut alternate concepts 
included horlxontal-takeof f , an all airbreathing vehicle, a cryogenic rocket 
system and a modified version of the Space Shuttle Vehicle. 

Vehicle design optimization studies minimized aircraft gros.s weight for 
the combined dash and endurance mission profile. Endurance flight was accom- 
plished at best speed and altitude. Variations in payload, endurance, dynamic 
pressure .and .airframe material technology were made to provide sensitivity In- 
formation. Development and .aequisltion co.sts for a fleet of /ilrcraft, fut?l 
costs tor a 10-year period and cost sensitivity i -< the total number of missiles 
airborne were estimated. Total system cost, 1 iclndlng basing, operations, eti-. 
was not estimated. 
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Tliii numln^r of mlfifilloft <virrl(>il, olrornff oiiclurniu’.o ;imt booiif dynoinlr 
|irc!WHir(’ ar(^ Imporfnnl in ( lu> /ilrcrnfl dofilj'n. Low vahnai of ondiiranro am! 
miinlior of mlHnlhai airborne Imply Up.bt.t'r aircrafi; at lower eonl but p,reatt*r 
mitnl)er of vt'b leleH. liif.b booat dyminile prenanreH, except for tlie two-poa 1 1 1 on 
wtn)> )',(‘oim't ry , Imply beavier atnicturea and more <'(»atly aircraft, 

Tlu' atiidy r<'aiiJta Indicate that tin; (laab on warnlnf, concept will meet tbe 
atmly performance crlti'rla, TbJa can bci accompi laln'd ualnj', exlallnp, te<-linol oj*,y 
nnch as all aluminum aircr.ift and exlHtlnp, hlj'li-bypnaa-rat lo lurbofan (mj'.lnea. 
Dynamic pren8ureH durlnj^ tbe miperst)nlc dash can be low, on tlie order of '>()() 
lb/ ft'' (2:1,940 N/m^) and aro comparable to dynamic preHsurea encountered by 
current subHonic jet transports. 


INTRODUCTION 


Various mobile ballistic missile system concepts are being studied as .al- 
ternatives to silo-based ICBM weapons. Ground mobile, air mobile and hardened 
stationary systems are being considered as a meitna for increasing the surviva- 
bility of the missile force. 

The air mobile concept may be divided into two categories: continuous 

airborne alert; and dash on warning. For either concept the requirement is to 
maintain a specified number of ICBM class missiles on ‘air alert prior to in- 
curring damage from an attacking force. The continuous airborne alert system 
has been studied by the USAF Aeronautical Systems Division (ASD) (ref. 1). 

The dash on warning .system is described here. 

D ash on Warning Concept 

The dych on wa'cning concept is illustrated in figure 1. Prime threats to 
the missile force are submarine launched ballistic missiles (SLRM) flying tra- 
jectories .against missile bases located within the continental United States. 

A dash on warning concept has a retaliatory ICBM torce aboard aircraft which 
are maintained on ground alert status. Upon detection of a throat the air- 
emit perform a rapid takeoff and a supersonic dash of 50 n. mi. to create a 
large area of uncertainty as to the location of the missile force. Speed at 
the end of 50 n. mi. is .i function of the time required for the dash portion 
of the mission profile. For example, a dash time oi 2 min requires a terminal 
M.'ch nuinbor of nearly 7 at the 50 n. ml. r.-uilus; a 3-mlt. dash requires a ter- 
minal Mach number of about 3. 

At the end of the dash the aircraft establish an air alert st.itus for 
tl.nes varying between 4 to 10 hr, with 6 hr being nominal. This time perlt)d 
provides sufficient time to nsHCHi^ the threat or its damage. If the threat is 
an attack, the aircraft can release a retaliatory strike by launching the 
ICBMs .iboard. If an air alert statna longer than the nominal 6 hr is required, 
till' .lirc-raft can maintain air alert by either .ilr-to-.iir refueling or by con- 
ventional l.'inding at ex.stlng airfields with missiles still aboard, refuel .and 
takeoff in a conventional horizontal manner with the cruis(> engines alone. At 
the conclusion of the alert the. aircraft return to b.ise and resume the ground 
alert stati.'S. 




2 


Olijrrl I V(' 

Tlu> I V(> (iT l liJo m.iiily vvjui to del I’rintiic' t lu' I fx'hiutloc.icn l (foit lli I I i I y 

n1 I III* tlanh -m warninc, <'<im'ap( and to provld** an lull lal del lull M>ii ni tin* air- 
(•rail (lynlom and Inont l ra.lrci (iry loiinJ rcmcul a , Analhar ()l),l(>c( Ivc wan In i>nr- 
vide jiarl lal (■('fll (Ol linal on (dc'Vc'lopiiKOl , ac(|nlnll Ion and Itav!) nl a Meet nl 
l;h(> aircraft- wlilcli provld(' :>n0 mlnnMcn on an air aloft niaUm lor a t»-lir Mine 
pc.'rlod. 


Scopo 

Tho stiu’y in oomprlst'd of thri'O main aroan of lnv('Hl.ij',at:l()n! (mdiitanco 
aircraft-, doaign optimiisatLon; boost trajectory fu(>i optimization; and part lal 
c( 5 St analysis. The design and cost ol tho mlasiloK to bo carried W(‘ro not In 
V(jstlgated in this study. The missiles v*ere considered as payload lor tho 
aircraft and their characteristics were provided by the USAK-SAMSO. 


j^e^nljreinont:: 

The 
provided 

Dash time 
Payload 

Kndtirancc 

Minimum endurance altitude 
Number of missiles airborne 
band and takeoff conventionally 


requirements were: 

3 min 

2.00,000 lb (90,718 kg) [2 x l00,000~lb 
(A5,359 kg) missiles] 

6 lir at best speed and altitude 

10,000 ft (3,048 m) 

200 

with tlie missiles aboard 


The requirements for the mlssloti profile, and payloads to be carried were 
by USrtK-SAMSO. The nominal 


Va ria tions from the nominal mission were; 


Dash time 
Pay load 


Knduranoe 

Number ol misHlles airborne 


2 min 

I fin, nno ~ 37.0,000 Ib (72,575 - 145,150 kg) 
[2 f. 4^ 80,000-lb missiles (36,287 kg)] 

to 10 hr 

100- 400 


Tlie dc:il)*n of tile three-stage iiilsslles to he carried as payload are shown 
In figure 2. The nominal iiilssUe desig.n weighed 100,000 lb (4'),»')q kg), was 
58.7 It (17.89 m) long, and 6.2 It (1.89 m) in dlam. An alternate missile de- 
sign which weighed 80,000 lb (36,287 kg) wilh a length of 57. 1 it (17.40 m) , 
and a dlam ol 5.. 5 ft (1.68 m) was also considered. 
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Till' nmtrlx of (‘oiu’npfH Mliidlod mul r(!porl<'d horcdn aro aliown In flp,ur(> 3, 
dyfUcin IxKiftt: propiil trlon aoncripl n atmUod worn: maj^tid rorkfd a; iimil ap.caJ rock-- 

and all airnvoalli Ihk- 

Tlio afapod rocikof (SH) coiu'i^pl H imo a alnKlo an] id roakal. booalor Himllar 
1 1 ) rhal iifUMl on l lu> NASA Spaco SIniU lo, and tdiin rockol w^m mounfod cciU rally 
ticnca( li t li<> fiiiU'lafp'. Tho vacuum upt’c lf lc Impulaio of l ho aoUd propollonf Ja 
HOC. Thin (loncopt la launched In a v((rlical takeoff (VTO) mode and l:hc 
booHtc): ia Hcparated from tlie aircraft at hurnout, 

Unatnged rocket (Utt) concepts were atudled with two liquid rocket hooat 
propulaion systems. One system was a cryogenic propellent, liquid-liydrogen 
and liquid-oxygen (LOX/Hp), with a vacuum specific impulse of 456 sec. Thu 
fmir main rocket engines are the same as will be used in the NASA Space ohut- 
tlo Vehicle now under development. The other system employed a storable pro- 
pellent rocket engine using nitrogen totroxide as the oxidizer and unsym- 
metrical-dymethal hydrazine-hydrazine in a 50-50 mix as the fuel (UDMll), with 
a vacuum specific Impulse of 320 sec. The unstaged rocket used VTO and car- 
ried the four boost propulsion engines and propellent tanks aboard during the 
entire mission profile. 

The all airbreathing concept used ten duct-burning afterburning engines 
for the horizontal takeoff (IITO) boost. The maximum sea-level static thrust 
|K'.r engine was 200,000 lb (889.6 kN) , At the conclusion of the dash six 
engines had to be shut down for cruise. Shrouds were required to reduce the 
cruise drag of the shutdown engines. 

For the staged and unstaged rockets several alternative wing geometries 
were considered. These were: a two-position wing (2P) ; a conventional vari- 

able-sweep wing (VS); and a fixed wing (FW) . 

'J‘he Iwo-positlon wing is constrained so that it docs not exceed the fuse- 
lage length to provide, clearance for the twin vertical tails during wing rota- 
tion to the cruise configuration. This constraint also ensures that the wing 
does not overhang the boost propulsion system exhaust. Near the beginning of 
(he subsonic endurance portion of the mission, the wing is rotated to the 
cruise configuration. The four body-mounted cruise engines are shrouded fore 
.and ail during boost. The forward shroud is provided for cruise engine pro- 
tection and drag reduction during supersonic flight. The aft shroud is pro- 
vided for base drag reduction. The cruise engine shrouds are septirated prior 
to rotation of the wing. 

The conventional variable-sweep configuration performs the boost portion 
(jf the mission with wings swept In the aft position. The wings are rotated 
forward at the beginning of tlie cruise leg. The. four body-mounted engines are 
shrouded during boost. The all airbreathing concept and a cryogenic roi ket 
propulsion system using HTO were considered using this wing g«!ometry. 

Tlie fixed wing configuration has four wing pylon-mounted engines which 
are shrouded during boost. It should he noted that this configuration will 
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rc(|iilr<' ( h(* iiiit' ol 0 Inw fiwct'p wJup, t'liiployi np, <i mibiion I c -l yp«' dlrlnll In t in' 
fni]in ifiniil i' f )i|',lil rep, line, Thin pnnen i\ nevel aerodyimin I e leal lire worthy ol 
a«hU( lonal ih'l alle.l al oily. Tlila wliif, eonl iKoral Ion wMl have lilp.li dial', dm Ini', 
hoonl , l>ul ll may lie n]uunil al.e<l I hal the I on}* 1 1 nd I na I aialilllly prohlemn re- 
nnll l.ni*, I roiii nlil l l a In t he eenler ol premture nhonld he lean l lian lor a 
vai'l ahUv'Hweep a l re rai l • 

Tlu’ imulll led Spac.e hhni t le wan at ndled an an aK.enialc eonl innral Ion he- 
eanae It will Koon lioeoine an aval l;il)1<> piece ol haialware. Hod I f I eal Iona lo 
tin* banle Slinltle were: removing, e(|nlpinent n'lpi I red lor out -ol -al moftphere 

)l.l| 5 lil; 111 renj',1 hen In)’, llie Landlnp, ).',earj eliani'lni* tin* veriJeal la I I l»»r iiihi.alle 
elearanee durlnp, rtrleatie; addlii)', tanka)*, e for bootil; and cniitie lnel!i; and adil- 
111)’, e.niJne enp,lnea. The modll J<nil. Iona lin’ri’aHed the )>roHH welp,l)l l o (»f)(),()()0 
11, (2V2,1.')5 k)') . l*’or t his iMxed eonf ijuival Ion Lhe payload and endurmiei' eaiia- 
1)1 Illy were esUimated. Thin eoneept does not satisiy the desired ]>ayload and 
enduranee reciulrements but tllil satisfy tlu* nominal dash t ime refiuireiiK'Hl ol .1 
min to a 50 n. mi, radius. 


MKTHOn OF ANALYSIS 
Synthesis Program 

A computerized aircrait synt hesis (ACSYNT) developed by NASA-Ames was 
used for this study (ref, 2). This program has been developed to provide 
riipld conceptual design information. The level ol information obtained indi- 
cates ;in accuracy of about 10 percent in gross weight based upon correlatfons 
of existing military and civil aircraft. This modularized program consists of 
a control module and technology modules for geometric, mass, aerodynamic, pro- 
pulsive and cost infomatlon for a vehicle concept. There are modules to pro- 
vide automatic design convergence, sensitivity and optimization calculations 
as well ,'is graphical output. Figure A presents a block diagram of the ACSYNT 
system. 

inputs to the various modules include control parameters, initial vehicle 
definition parameters, mission profile and several initial assumptions to 
start the program. Out))ut inclndos vehicle charaetcristies required to aceom- 
piish the mission profile, such as component weights and geometry, fuel and 
time requirements for the various phases of the mission profile, aerodynamic 
and jjrojjulsion charactiiristi cs . Finally, vehicle cost is c.omputed. 

Control J^roj;t‘m« 

'flu* control program sequences the order In which tlu* moduli's .are executed 
aud transfers Information to all tlie other modult'S. Limits ol tlie various 
jiioj'r.'im loops, number oi ))aHses to he m.aile through tlie pro).'ram and criteria 
ior I'-ouvergeiKH) oi the vehicle are eontri'l 1 ed within this niodnl e. (,oiivi'i )',eiici* 
ol ih(* vehicle* is determined by a regula-faisl procedure (ref. 5) . If the 
vehicle is either too light or too heavy, cimpared to tlie input estimate ol 
the velilcle gross weight, Lhe entire synthesis program is recycled tinlll the 
iipelated input and c;»l cul .-it I'et );ross wi'ights agree within a specif led t ol er.-ince . 
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(;(*()im'1 ry Motlnl i> 

hiiHcd on oonnc,'"''' I on pmiimot crn , mimo I Ixtnl /mil fiomi! ri'ijii I r I ii|', /m 

lull I/ll I'fii himlo, Ihifi tiuninlo |)rrloiiim lull l/il !il«*.ln>t o( n vi’lilclo In !'•' mioil 
In I ho iom/i I nl np, pm ( n ol llio prop.niiiK Inlll/il oiilliiwHon ol I nnol/if'.o* oni’Inoi 
winp," iiml ra 1 1 "mirl'/ioon nro iti/ulo. Tho olmiiii'l orlii(. (on ol thono ooin))ononl n mo 
npil/i) oil nl onoli p/inn llinmp,h I ho |)roi',nuii bniioil upon Inlormnllon nnpp I I od by 
I ho olhor t oohnoloj'y niodnlmi <u’ by I ho (''ml rol jirop.i'/mi. Tho hmolni'o In nl/.od 
In oonl/iln I ho iiilnHlIon, I'loolroulo nnpporl nnd nn Inlornnl innlin. I bo wlnp, 

In n I ;',(*d on l ho b/in in ol /m inpul winp, lomllri}’, nnd nhnpo iinvamol orui llnl/moo 
In o/iloul/Uiul on I bo bimln oi n npoolflod til.il lo mnr)',ln /ind t/ill voliimo oool" 
llolonl, or I ho nl/M-.lo m/irp.ln In dolorminod lor n iixod r;M lo ol tall aroa lo 
whip, iinvi. Tho modulo o./ilo.uiaton tho IJn/il j'oonu'lrlo vidiloli; iirojuuM Ion (hat 
wl I I natlHl'y tho iiiinnlon. 


Aorodynanil on Mo(hi.l o 

Tho iiorodynamt 0 ohar/iotorint ion Imr a j^l-von /iltitudo /uul Maoh nuinln*) /iio 
dotormlnod from tho p,oomolrio oharaotor lation. Tho irajootory tnoiiulo npool" 

I Jon lift, drop, or anjO-O of attack at a Mach numbor and altltudo ;md tho aoro - 
dynamion modulo dotorminon the remalnini' variablon. C/iloulation proooduron 
employ both thoorotlcai niethodn and emplric;i1. information. Uonultn have boon 
calibrated with exinting alror;ift and with wind tunnei d/it/i for conf I p,urat Joan 
at both high and low anglon of /ittack. Friction drag entimaten are b;ined on 
the metliod of Bertram (ref. A), with an empirical correction for thicknenn- 
induced prensure fieldn made accortling to tlie method ol Koelle (ref. b) . H/ine 
drag is computed using base prensure coefficient as a function of Mach number, 
liift and dr/ig-due-to-lif t are calculated for angles of utt/ick from zero to 
beyond maximnm lift using a nonlinear theory currently under development at 
NASA-Ames. This method, developed by Axelson (ref. 6), in derived from a com- 
bination of potential theory and momentu"! integrations for a flow model using 
a disturbance-velocity gradient. 


P ropul siirn^ Modul e 

The propulnion module in a one-dimeuslonal cycle analysis program devel- 
oped by Morris of NASA-Ames (ref. 7). On the basis of vebieie thrust-to-weight 
fiitlo, this module sizes an engine ami afterburner (if used), calculates engine 
piirfornuinee and other cluiracterlstics at any specified /iltitudc and Mach numbei . 
The enpjine weight and length are luileulatcd usinp, the results obt/ilned i roin the 
MARS system (ref. 8). Variations in power settings are avall/iblet maximum 
aftetiniriiinp,; 100-percetU rpm; m/ixlmum coiu iuuous; and pereentages of m/iximum 
continuous. The throttle setting ;md spoclfie fuel consumption are c/iiculated 
from ini'orination supplied by the traji'ctory /uul /lerotlynamle modules. J he b/isit 
eup,ine tlmml ;md fuel consumption are corrected for Installation losses asso- 
ciated with tile inlet iind nozzle. Kngine cbaraetei 1st ies in this study ;tre 
s( ;U e-of-tbe-;irt ;uul no per form;uus> improvements luive been used tlmt might be 
considered adv;mced propulsion system teebnoiogy. 

Rocket propulsion per foriuanci* is obtained by speellylu}' the v/icuum tlmist 
and tuel I low. Vari/itlon of hack pressure with altitude is used to .iccoimt 
lor rocket engliu> thrust v/iri/it Ion. For the solid propelieiU rocket ;i m/isf. 
tr. let foil of 0.8V was used. 
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'I'riijri’l (uy Mudii I cm 

Two IriiJccCory mcdulcti were ('lupl uycMl In the |)r('ii<Mil nliidy. Tlie llini 
iiiotinl*' perleniiM I lu' bm)in I ra ] ei’l cry opt .1 ml /a (: Inn (ail < n I al 1<i,i Tlila iiKidnle, 

Al mnaplier I e Tra.leclnry Op! Imii^.al Ion I'roj'iain (ATOI') (re(a. nid I0)| 1.. a 
liiree- dejii’ce -nl ■( reednm prop, ram employing re/rl ln( le alrarafi and a( iiioapherlc 
cliarael (>r:lnt lea. Opt I ml zal; I on ealenlal Iona are perl oriiie«l naiap, ellliei' a 
mn 1 1 Iple-eonl ml mn 1 1 i p l('"are variational e/ilculna oroiM'dare (rein, II and l;>), 
tir by a)>prox 1 mat (' pa rameler I r.ed im’lboda (rel . I!J)» baaed on inn I ( I v/ir lab I ■' 
aeareb proeeiinren (ref a. lA and I'i). 'J'ra, lector li>a are I nl cp.ral c l nalnp, a 
I oiii’t b■•ol del' l<nii)’,e“KnI I a mel liod or by any ol fn'veral auiinlard prcdle(or~ 
roiTi'ctor mellioda, Tlte Ixmal: t.ra,je.t;l;ory proj'.r/iiii wan run an an liule])ciiili'iil 
program I rom AOMYNT. The aeeond tra.lee.l.ory iiiodnle la an apprcxJiiiaLe imilllaep- 
iiH'iil; mlaaioii analyalH module /iml In an Int epral i>ai t of the Ai.SYNT prop.raiii. 
‘l‘aU('ori', climb, aeecleratlon, enilHe, enduranee, deaeent and laiuHnp, perlor- 
inanee are eale.uJ ated. Kquatlona of motion ne|;le<’.L f j Ipht-pal li-anple rati> I erma 
ami I ntep, ration la by approximate atep-by-Htep procedures, 

Maaa Projun'tJ.e>^ ^kuhrl^e 

Welplita are ealeu Luted In this module uslnp proeedurea based on tor.svla- 
tlons of existing data, resulting In empirical equations for the weights ol 
the various vehicle components. The basic airframe weights are calculati'd 
as lug, the method ol' Handers (ref. 16). The wing weight is a I unction of load 
f.'ictor, asjiect ratio, leading-edge sweep, taper ratio, thlekness-to-clu>rd 
ratio, design dynamic pressure and structural material. I.oad factor, Icngtli, 
surface area and diameter are the parameters used In determination of the fuse- 
lage weight. Weights of the remaining components are determined by similar 
empirical iiietliods. 

Op t iiiiize r 


This module Is coupled to the synthesis program to provide an automatic 
closed loop optimization of the vehicle. The optimization algor! tlim 1s based 
on X.outeudl j k' s method of feasible direetloiis (ref. 17). The optimization 
procedure and computer program ore described in refs. 18 and 19. The best 
mmibinatlon of user si^eclfled design variables to minimize vehicle weight (or 
to minimize or maximize any other parameter) Is determined subjject to pre- 
scribed bounds on the vehicle or mission parameters. 

i: mil im I c s Modul e 

The development and acquisition costs were determined using a modllled 
version of the cost-estimating rel ..itlonslilps developed by the Kami Corporation 
(ref. XO) . The DAPCA computer program used was supplied by IISAK-ASD. The es- 
timating equations were derived by statistical multiple regression teclinlques. 
The alrlrame engineering hours eiiuatlon was modified (by ASD) from one liased 
on the total alrcralt speetrum to an equation based only on cargo, tanker and 
subsonlt' bomber alrcralt. When correlated against the C-5 and /A7 alrcralt, 
the resulting equation required a lO-percent adlnstment upwtird (ref. 1). 


7 


htiotii I nl fi rU’l Ion 


Till' iiMotl Tor nUfi dimly wiiii d (’diii|)iil (’r I Mcd diMi lf'n in nccflurc iii!- 

hi)>, lid' AdtlYNT Tlic dorndyiiamJ r , |»r<nm I a I on, I ra )di'i (iry , liidfin proper’ 

(liMi and eeopomled clwirdelei I nl wi’i'e dll rdlnilnl ed, ‘I'o do Ihid ll In 
neetdiddiy to npi'celfy llie vehlele l•o^<'e]^l In I I'linn o( II n nenernl fdinpe and 
coinponenl arraitc.eitu’nl n , I lu' niliialoii proi'lle and I eclino I o)»y levelii lo Iw' eiii'’ 
ph»yed. Teclimi I oj-y loveln Midi mnat Ik> di al ed art! I hone aanoe Idled wll h I he 
hoodi proiml'ilon !!iip, Inen and Int'l, I In' crnlne (>n|', I in'- I'ye I e lo In' niied and I lie 
a I rl rami' mal e) lal . 

The alreralT den Ip, n wan opi imi neil hy rind in)' Uie eoiiihlnat 'lon ol aniu'i'l 
rallo, wJnp, aweep, wlnp, area, I hnuil-I o-weijilil. ral In am) ernine etipiine hypann 
ral lo I, hat iidnlmlzeil alrerai t endiii'ane.e we'Jfjht. AiiproxImali'Vy 60 deal)’n eval- 
uatlona wt're reiinirml hel'ore the optimum enduram'i' aircraft. deai|',n wan I'htnlmid 
lor each concept'. j.',eoiiiet ry coinbliiatlini. (lal.cul.ationH Indicated that hc!Ht enduv~ 
aiice oci-iirred at a Mach niimhev of 0.f>l). DependJnp, upon the concept, the bent 
all It'ude for euduvam'e wan lu'.tween 22,000 ft (6,'/06 m) and 2/, 000 ft (8,2.10 m) • 

boost tra.lectorien were opt 1 mixed by determJ ninjl the thfottie bln- 
tory and anj'ie of attack nchedu le wlilc.b miniiirixcd boost fnel weltflit , Hubji'ct 
to a boost dynutiiic. ])ri.‘H8uri.! constraint. There is necessarily an Iteration bi'- 
tween the boost tra;)eetory ami aircraft desip.n optimixation procedure to pro- 
vide an optlnuim aircraft deuigu for the entire mission profile. 

Seiisitlvitles to changes in payload, endurance, dyniiiiiic pressure and ma- 
terials technology were obtained. Partial cost (development, acquisition and 
fuel) estimates were determined for purchasing a fleet of aircraft which pro- 
vide 200 mlssiios on air alert. 


KKSOhTS 

boost Trajectory Optimlxation 

boost', trajectories were tiptimixed to minimixe boost fuel weight for a 
dash of 50 11 . mi. in :) min with a constraint on the maximum dynamic pressure. 
Two I'ilghI; profiles were considered; a baliistlc, or zero-iitt, boost trajec- 
tory usiii}' a imrametric approach; and a shaped trajectory wliieh utilixed lilt 
and thrust control determined by variational ealeuius procedures. 


ball! st.j_t‘ Mission P ro file 

Tlie mission profile for the baUlstle boost trajectory Ls shown in figure 
:>. The vehlele rises vertically for 1,000 ft (305 m), then pitches over, in- 
itial pitch angle and hum time are determined by multivariable search (ref. 
13), so that the veliieie reaches 50 n. ml. witliln the specified time eonsfralut 
with minimum boost fuel expenditure. Tlie boust occurs ,at zero-lift. Peak dy- 
u.iinlc pressure oe-.uirs about the midpoint of the powered ascent. Peak aeceler- 
alioufi are on the order ol 3 g*s in the axial direction and occur immediately 
prior to burnout. The vehicle then follow;, a ballistic ascent to apogee fol- 
lowed l)y ;i lifting fiar(!-out to keep th(> reentry dynumie pressures low. Oou- 
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n,,„nai..n , I, h. I.,., ■, in, "" 

,,l |„„in,'. Al 11,,' ,',„l „r U,,' ,m,l,„„,„-,, ,T.. | 

lun I I'.oiii (ill V wliIi ill'' III I (III I I I'C (il'ixii'lt ri'liiclii "nil liiK'H' '* 

Imrl ;',inil (il iiuimii'i |niwi’i'»'(l "lily Iw ''I 'll"'' I'lW'. I n''” • 

TlmiiK -t ii ’Wi' I iilil Kill 1" I'll I I'l l 

(I di>|ili'lii iviili’dl 111 I 111 mi ini H’lii'l l"ii "H'l l linml • I '’•wi'lid'. 

,i„i„ ,.r i„„„ 1",' 

Thmu- ivmilK. wine nl.l (i i lU'd imlnn <«n ni.i ..dyiuun ''(i I I y 

, An 11,.. Inmi (I In i lu' ivnm'cl , H-'' n"|, lin'd ‘ ' 5 ^ 

‘n,,..,, iron, ... vil.io 01 l.'» loi- « Imn, Mmo "1 /,0 iio.' lo nboiU 
( III,,. ol 10 iioo. Coi roiiiiondlni'ly, 1 tu' Im'l '• V j 'j j , 

Hio mini Miiu' III liu'iviiHod Iroi., M) nor mil I dboul /() 

( 1 „. inol rn...t !o„ ll.oi, boc.l.m n mmk.'d rJno. Tho iiilnlmuii, Im. 

■ni,dii ly im.lor 10 porri'iil oi i-nmit wolj-lit In arblovod will, a biiiii . 

mor.' Ilwiii yil nor, roqu i r In,, .m Inltinl 
■di.Md I'b. Tlio boom Inol inirllon ,iilnliiu,„i n-finlln Horn '.wo ,onl l(l!i). ' 

,0 dovolo,. a bl,..b avora,.,o npood lor a ,-,ivon Impnlao. Soooml, II ‘ ^ 

l,„i,aa np loo (,nl.d<ly bl,.|i dra,. iorroa In l.bo lower m imiapbor.. o.man iio I lu 
1. lollowH Iba. 11 too abor. a burn i';.,, 

Inu.j.ral 1(11.108 booHl Inol i rartion. Convorao ly, U bo boom Is n 
Ion,; tho (ivorapo apood lor a .-Ivon imtuilao lalla and moro boom l.ol J« r. - 

qn I rod. . 

Ho.nil- Pool Frart: Ipn 

l„ol Inu-ti.,,, I,„.s „ i".l>„nt ,>" .loBlsn . 

l.'c,v ,1„. boost |, onion of flK- t,u:lootory. It is dcBlinblo to hnvo “ 

,.o„U,-,„„.Hon wi th biiib l lnononn .'ntl., body und thin w)n8». P"' J;"', 

|,orUo„ of tl„. ,»t»»i„n p.of l lo it f„ do.»lt„bl,o to 1 7 

n„om-»„ ,„tlo l.odlon, ,i„Kb on fl,o otdo. of cononl wide body J.'”' ' ' 

,'bow,, H... -non of ai.oton .Uo,.,,.,, nhardcturUO™ do,,! ..^Id 

,■l■|,,■of,o„t•■•l an born timo toiiolrcd to ruiudi 50 n. ml. A ' , ^ HU tho 

tbi: oodotonoo portion of tho ,.in„i.n, rodniton „ born timo ''f 
...moraniilo liroran do. 4 i,.ti voqolron a burn timo noariy 20 pcrcuU. Iobh. hi 
t lluirdoali-nM omployod In tho proaont .study roprosont a 
,-wo boumlarloa wboro tho otioot ol: boont dosiBU 

nomowb.it bl,',lior llnoiio.ss ratio than tin, no lor mibaonio aii.raU, but 
than tboao I imud in inodoni aupormmlo dosL,-,na. 


l.'.llool, ol Daal) Timo 

■I'b,. oHo,.l ol dash timo to n-a.-b 'iO n. mi. was brloily atmlio.l and tbo 
. t.aiita ar.. aliown In ii ,mro 8 . Tboao roanlta 

,j,.d Spmo Jlbuttio Voliloio. Daal, timoa ol two- a, id tbroo-mln wor. atudi.d 
with no oonmraint on ibo maximum dynamic pro.sauro. . 


Tbo l-n,in dash waa 


I 


i 


li 


aH>l«>v('(l ill ii nuixlimiin (lyit/nnlc )>rofiimr*> of iiboiit 1,700 pof (HI. 190 N/m^) nml 
roftiilri'd 1 ])oonl fiiol friH'Clnn of poronnl: for n thnifif-lo-wi'ipljt r/ifJo of 

Tlio 2'^miu diwili roqulrod dyimndr profiouron of idiout, H.OOO puf ( 1 /t'j, fj/j 1 N/iii^ 
l-'or ii ( linidf-io-wclKlil riit lo of 2 , ( iio booHl. fuol fuiotlon w/ih 69.7 iion-onl; . 
Incroiifi Inp. l be tlinifil -lo-wo I j-hf; raC jo t;o (hrco rodiK’i'd 1;Ih< fufj friu'lion to 
66. \ pcr<’(’nt. IJorimm' tlio dynanifo ])rc(mun> rociuirrmontu mid boont fiml friic- 
Uoiwi iiro iiiiH-b larp.oi: for tho 7.--ni:(n daidi, only’ tlui 3-mln d.-mh wa« (’onaidt'rod 
lor lurl h'.'r Invoat IjpU: Ion. 
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A typlra.1 ilI t Itudc-raiiKO profllo lor both tlui two- and tliroo-min daali la 
Hliown In flpuro 9. Tlie 3-nd.n daah roqnlroH a burn timn of about 76 ncnj tho 
2~nrJ.n duali rcqulren «'i burn all tbo way (120 aoc) i and la about 1 n. mi. aliort 
ol rciudiliifi 50 n. ml. Ihc Mach numbetfi at the end of the daah were Hlightly 
over 3 for the 3-min daah and nearly 7 for the 2-min dash. The 2-min dash 
would therefore require aircraft designed for hypersonic flight conditions. 

llie parametric approach and ballistic ascent indicates that lowering the 
boost dynamic pressure will rapidly Increase the required boost fuel fractions 
from those shown in figure 8. It becomes apparent that a lifting, variable- 
thrust, shaped trajectory will be a better approach to simultaneously control 
the dynamic prc.ssure and to determine the path that will minimize the boost 
fuel fraction. 


Throttle and Alpha Control Profile 

Path controlled trajectories were obtained using the variational calculus 
option of the program cited In reference 9. The mission profile for a typical 
path control trajectory is shown in figure 10. After a vertical rise of 1,000 
ft (305 m) the vehicle is pitched over to follow a lifting boost path to burn- 
out. The path is determined by varying the throttle setting and angle of at- 
tack (alpha) to remain within the specified dynamic pressure constraint. Peak 
dynamic pressure typically occurs at supersonic speeds beginning about the mid- 
dle of tho burn period, with the maximum acceleration of about 3 g's occurring 
near burnout. Ihe lifting vehicle coasts to apogee at nearly constant energy. 

A gliding reentry is performed to keep entry dynamic pressures low. After the 
gliding reentry the vehicle geometry is changed near the beginning of the sub- 
sonic eiulurance portion of the mission profile. A subsonic cruise endurance 
segment is then flow. At the end of the endurance portion of the mission pro- 
file tlio vehicle has tho capability to l.and, refuel and takeoff in a horizontal 
niode under the power of the cruise engines alone. 

Plight Profile 

A typical Mach-altitude patli is shown in figure 11. The vehicle acceler- 
I tes at low altitudes and reaches a Mach number of 1 at an altitude of slightly 
over 20,000 ft (6,096 m) . Tlie dynamic pressure placard, in this case 500 psf 
(23,9/i0 N/m^) is picked u|i supersonically and followed to burnout. Hurnout 
occurfi near a Mach mimher of 3 and at an altitude of 70,000 ft (21,336 m). The 
vehicle then follows a nearly constant energy path to an apogee of about 
100,000 ft (30,480 m) . The 50-n. ml. point is reached at a Mach number slight- 
ly over 2.5 at an altitude of about 80,000 ft (24,384 m) . A constant dynamic 
pressure path on the order of 200- to 300-psf (9,576-14,364 N/m^) is then 
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followed (n (ho hi'fir npood and all Undo for l:ho onduraiioo portion of I ho mlfi- 
n!on pro) I to. l'’or tin' oonnp,iir/>l Iona atudlod, tlto hofit Ma<’li nninhor for ondm— 
ainn> ft Ip.hl la O.'i'i at fin filtltndo liotwoon 2'/., 000 ft (6,70h ni) find 7.1,000 ft 
(8,210 in), doiiondinf, upon tlio volrldo f.oomot I'y , maaa, propiil fi I vo , find fiorody- 
naml o oha raotor I at I lai . 

Typli'fil dynaniU' proamiro hlatorioa for tlio aluipod t ra.i ootory for a ata>',od- 
rockol I ixod-wltij', and fin unatfinod-roi'kot two-ppnltlon wlnp. firo ahown In fljpiro 
12. Tho oonatralnt on maxininm hooat dyiifiinlo proaHtiri> La fiOO jifif (7.'^,9W N/m^) 
find In ImpoHod hy drlvlnj* tho lino into(»ra.l. of tho <lynamlo iiroaanrc' violfitlon 
to xoro hy tlio mothod of rof. 11. To minlmlxo the booHt fuel friiotion I lio 
volrJcIo trajectory readies tlie dynamic pressure placard quickly and then imilii" 
tains the placard boundary tliroufihout boost. After burnout Ltiere Is a docfiy 
in dynamic pressure as the vehicle coasts at nearly constant energy to apogee 
and then a rise in dynamic pressure occurs us reentry begins. The entry dynam- 
ic pressures .and those following the descent to the endurance flight conditions j 

have a maximum value about 60 percent of the boost dynamic pre.ssure placard i 

level. There is a slight violation of the 500 paf (23,940 N/m^) boundary dur- I 

Ing boost which with further shaping could be removed. However, the violation i 

is only about 5 percent greater thaii tho constraint value and docs not have a | 

significant effect on either the boost fuel fraction or on the vehicle design. 

A typical control history of throttle setting and angle of attack schedule 
for the 500 psf (23,940 N/m^) dynamic pressure placard are .shown in figure 13. 

The history shown is for an unstaged rocket which has a limit on the vacuum 
tlirust of the four Shuttle engines of 2.12 million lb (9.43 x 10^ N). This 
thrust level constraint is also imposed as a violation integral. There is .in 
Initial violation of the thrust level, but only over a short period of time. 

I urther refinements can reduce the level, but the violation shown has little 
effect on the fuel fraction. The thrust decays initially as the dynamic pres- 
sure placard is reached and then hegins to rise towards the end of the main 

burn. After termination of the main burn there is a low level thrust require- i 

ment of about 20-pcrccnt thrust from one engine until the end of the 3-min 
dash. It if! assumed that this deep throttle of the boost engines can be 
achieved by design changes of the present boost propulsion system. The angle 
of attack schedule followed shows variations of about -3“ to +1® angle of at- 
tack until apogee Is reached. The 10“ angle of attack is required during the j 

reentry to maintain low dynamic pressure. ’ 

A straightforward explanation of the optimal boost path is possible. Tlie 
path which the vehicle must follow is indicated by the optimal boost corridor 
shown In J Igure 14. The corridor through which the vehicle must fly is shown 
111 the altitude-velocity plane. Minimum velocity at a given altitude during 
boost Is that velocity for which the flight-path angle remains vertical. This 
lower hound is shown for .a thrust-to-weight ratio o) 1,5. The maximum velocity 
at a given altitude Is defined by the dynamic pre.ssure constraint, in this case 
500 psf (:-’3,940 N/m^). Increasing tho thrust-to-weight ratio moves the minimum 
velocity hmuuiary closer to the dynamic pres.sure boundary and can close the 
(u)irldor. Similarly, decreasing tin* dynamic' pressure moves the maximum velo- 
city boundary towards the minimum velocity boundary and can also close tho cor- j 

rldor. Therefore considerable care must be given to the choice of both tht‘ j 

thrust-Lii-welght ratio and dynamic pressure limits to ensure that a corridor i 
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.M-. mon« tlu> on.:lr,. HIrI,.: profilo. TI.p actual varlntiunnl 
mill follliwc.l by I lie vehicle la Indicated on the flRiire. Ihe vehicle In lUally 
reinalrm clem- to the tlmifd-to-welRht ratio velocity boundary, Inifjlnn a 1 1 am 
l ion nifht noth and ac.hlevea the iimxlinnm velocity boundary near Maih 1 at an 

, U' i»,iliiniJn« 11 pnlli n'raw tlKi maxiimiin iinoualilci <lyn»i<i 

Ilununit In terminated when the vehicle enerny la aui fldent to im.et 

conutralnt to reacli '>0 n. ml. at minimum hooHt iuel (ractlon. 

liooM t Fuel ,l'yAic_tA‘»l 

The boost fuel traction as a function of dynamic pressure 
fivnire ll. Curves are presented for the staRcd rocket conflRuration wb c 
used the solid strap-on boost system, for the rocket con 

1 tnns which use either the storable liquid propellent, UDMH, or the cryogen 
Uqdd protriLt, LOX/H,. For the staged rocket configurations the boos 
fud. fraction shown includes the casing weight to hold the 

tractions are highest at the lowest dynamic ,3 940 N/1^) the 

wing configurations at a boost dynamic pressure of 500 P^J J^e 

staged rocket systems have the highest fuel fraction. frac- 

lower energy content of the boost propellent. For the staged system, the frac 
nrUraSut 65 Percent of the vehicle gross weight. For the unstaged rocket. 

.ysto» r.q.lr« boost ’ 

The cryogenic propellent, being the most energetic of those 
a Lost fuel fraction of about 40 percent. For the variable geometry config 
uritions the required boost fuel fraction is loss, indicating the more favo 
able drag characLristics compared to the J^uratlon. As 

boost dynamic pressure is permitted to increase to about 1,000 P®^ ^ 

N/m^l there is a rapid reduction in the boost fuel requirement. For dyna 
pressurL greater tLn 1,000 psf (47,880 N/m'') there is only a slight further 

reduction in the boost fuel fraction. 

A change in the weight of the vehicle, which may arise with ^ 

materials technology, payload or other mission parameters. 

16. A reduction in gross weight from the nominal value s74 kg) 

1h (498,952 kg) to a vehicle weighing approximately 800,000 lb J;, 

rLulres ibout 10 percent greater boost fuel fraction. Increasing the weight 
to^sllghtly over 1.2 million lb (544,311 kg) reduces the boost fuel fj^^tlon 
about 3 percent. Although the boost fuel fril£tiH!l ^ 

vehicle the boost fuel mass is less than for the nominal vehicle. 

Dynamic Pres sure Kffoct on btru c^^j^e 

As Indicated in figure 15, higher dynamic, pressure f 

1 lar . 
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Till' (lfi;l}>n (lyiiniii I (■ pn'HHiirf* lino a mnrj'Jii of 40 pc'n'i'iH avor I tic litimiL 
ilynamic pnaam rc . Therefore a tlc'nl p.n tlynamJe pren!iur<‘ of /Of) pnf N/iii ) 

hi i (’fprl red ( nr a 1>ooh(. dynamic pr(>fmur«> of 'iOO pnf (^T,940 N/m ). The /OO pel 
('1'1,'ilfi N/iir ) di>et]',ii dyiiatnie preeeuri' I e ly|)lcaJ ol eiirrcMil ,)el I raneiiorl c ; 
1,100 pel ('):>, hfiH N/m ) repreiienUi a value Tor flf.liler alrerall each ati 1 h(> 
and llie hae la-en deelj-netl for a dynamie preeenre ol altonl Z,000 

liel (')'), /hi N/m^). 

The varialile eweep alrerafl l.e tli(> IJp.hLeHt velili'h* al (he Jow(>nl dynamic 
pr<’nsiift>, hul beconiee l:he heavL(‘e(; vidiieUi at Lhe maxliiuim pi’eeenri' ol I, 100 
pel (()i?,?.44 N/m') conHldered. The flxt'd-whn* alrerall: la aonn-what heavl<*r 
Lhan lhe variable sweep alreraCt at the nomlnnl dealp.n dyiiiuiiie pressure and 
doea not rise as rapidly as the variable-sweep winy aircraft. Conversely, the 
two-position winy indicates a reverse trend with increasiny dynamic pressure. 
This configuration is the heaviest at tlie Lowest design dynamic, pressure .and 
becomes lighter with increasing dynamic, pressure. This converse heliavlor is 
due to the wing being aligned with tlu! fuselage during boost and nttaclied 
rigidly to the fuselage near the wing tips. Therefore it is not subjected 
to high dynamic pressure loads during the boost portion of the flight. There 
is a slight increase in the weight of the tails and flight controls with 
incrcjasing dynamic pressure, hut the wing is a larger fraction of the nirlrame 
weight. The overall trend Is for a lower gross weight vehicle since {lie 
lilgher boost ilynamic pres.suros require lower lioost Iiiel fraction. 

The curves represent vehicles which have been optimized for each dynamic 
pressure and therefore arc not the. same vehicle operated at different dynamic 
pressures. The lower weight vehicles have a relatively high aspect ratio 
wing; those vehicles designed for the highest dynamic pressures have a low .as- 
pect ratio wing. This is true for both the fi.xed-wing and variable-sweep wing 
aircraft. For the two-position wing the aspect ratio remains the same since 
It is aligned with the fuselage .and requires no design changes to withstand 
(be highei boost dynamic pressures. 

The boost fuel fractions and variations with vehicle weight were used to 
obtain the gross wi’ight of the final design.s. Characteristics of the design 
of two vehicles which will .satisfy the dash on warning concept are discussed 
in (he next section. 


Vehicle Design 


A staged rocket with the two-posl(.ion wing is shown in figure 18. The 
.‘{loj’le soild-pro]»el lent booster is att.aehed ( th(» underside <*l tlie fuselage 
with (he thrust axis passing tlirough the vehicle center oi gravity. The two- 
position wing is aligned with the fuselap.e and held rigidly to It during boost 
Near the heglmilnp, of the endurance segment of the mission prollle the wing l.s 
rotated to tlu' cruise coni igur .ation . The wing span is eonsLraJned to provide 
clc.arauce tor the twin vertlc.al tails »lurlng wing rotation and to clear the 
boost propulsion system (*xhausL plume. The tails .are mounted high on the fuse 
lage. They cannot be local ed ai tiu' mid-position due lo Imp Ingeiiumt of the 
crufs<! engine (>xliaust. A low tall would result in Implngensmt of tlie exhaust 
pltmu* from the boost propulsion system. The four cruise engines art' shiouded 


r<)i‘ ('iij'.liu' prolt'cl Ion mid di nj> rodiicl lnn dnr ln}' miiu-rnonlc I l lKlit • "i‘’y 

ni nc.i'd i roin l-ln‘ ('iii'liion prior l:o wini' rol oMon. 

Till' luHi'lnjo* ilii'iiiu’t or in dotonnlnod by i!ii* dinirn'tor of ibo iiiJniillon cm • 
rioil. l-'uHolnj-o wolj-lil; ponall loo minoci.it md will, at I ncbmonl-n lor llio nolid 
propel loni boont or arc l.akon to bo A porcont of (bo funolap.o wolf.lit. Ibo omi.ly 
rock“i cantur, wolp.ltf «■'»» porcont of tlio boon!: Ini'i. 

Tlioro aro also wolp.lit pona.UJ.on annoci.atod witli tlio plvotinp, niocban Jnin for 
Ibo varialilo soomotry aircraft. Tho pivot woip,bt penalty wan taken to ho 1j 
percent of tbo wJtiK woinht. Uoforonc.oa 2i tliroiii-h 2!J indiento tbo pivot wi‘i|-ht 
can vary between 12 to 20 percent of tbo winj5 weif>ht. Tbo Special 1 to loots 
Office of Rockwell International indicate a pivot penalty between lb to JU per- 
cent for the b-1 supersonic bomber. Tho major difficulty in assessing p vo 
weight lies in the fact wings are not designed both with and without pivots. 

/Viso, the pivot structure may liave multiple uses for items such as launching 
gear, engine attachment, etc. As noted above, pivot weight estimates tend l:o 
vary even after detailed studies. Studies conducted by the Boeing Company in- 
dicate a weight penalty of 7 to 10 percent for the two-position wing. Because 
an oblique wing has not been manufactured, a 15-pe.rcent wing weight pena . y 
was used for all variable geometry aircraft. 

Details of the pivot mechanism for the two-position wing arc shown in 
figures 19 and 20 (ref. 24). The wing pivot is located between the top of 
the fuselage and underside of the wing. This provides uninterrupted carry- 
through structures for both the wing and fuselage. The diameter of the P^-vot 
Is about 80 percent of the body diameter. This provides lift load paths whlcli 
are eaily passed into the body through members under tension loads only. In 
consequence, the pivot for the two-position wing takes lift loads only and not 
primary bending loads which occur mi outboard mounted pivots of conventional 
variable-sweep aircraft. Separate bearings are used for drag loads and for lift 
loads due to both vertical shear and asymmetrical wing bonding. The small 
asymmetrical wing bending loads are caused by aileron deflection; not primary 
wing lift. The drive forces required for pivoting are low compared to conven- 
tional variable-sweep aircraft since the drag forces ar : balanced from each wing. 

II n s t ag.e d Roc ket 

A design for an unstaged rocket fixed-wing aircraft is shown in figure 21. 
Tlie length of the fuselage is determined by the length of missiles, boost pro- 
pi* I lent tanks, electronics and crew compartment. The diameter of the fuselage 
is dicl.iled by tlie diameter and pl.-icemetU: of four rocket engines. The rocket 
engines and propellent tanks remain with the aircraft tbrougluu.t the mission 

l>rol’ile. 

The four cruise engines are shrouded during supersonic flight A deploy- 
able aft fusel.ige shroud is provided to redueo base drag during cruise. Ihi' 
concept ol deployabie base .sbroiulH Is not new and has been studied on ttie NA.SA 
Ml-I. lifting body veliieles sliown in figure 22. This particular coni Ignrat Ion 
and h.ise shroud was succcssluMy tested In the Ames 40- by 80-Koot Wind Tunnel 
(ref. 2')). 
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A (U'.lu'iiiiil Ir ol fi p<»nnlbl(' clf^p I oynb I (! bniw' fibroud mcclian I fiin In nluiwn In 
1 Ic.iTf 2 '\, A ( ivlmn-.npluf', Inbf, inl lal Jon j’.in mipply /ind b.nit' jdinmd nri' 
mowed Ix'hind I be rockel enj'lneii. Tln> (diroiid in deployed wllli I lie ( nbe bet wi'cn 
l.lii* I’oelu'l (ii(’,lne.i and a portion o( t bi’ liinelaj'r' nbe I 1 nliiin 1 1 aneonn I y I raini' 
laica alt. When tbe abrond la Inllaled l.be Inaelaj'.e e:<l mna Iona providi* the 
iieet'aaa ry e:l r<'nin I ereni 1 a 1 aeal .'ind t be abrond aeala I be bane. 'J'lte deployal)le 
idirmid la a 1 eebiio I o|iy hem wbteb reipilrea (level opiiu'nl , but It a]>peara to b(' 
t ecbn lea I 1 y tc>aa Mile . 

Tbe cj yo|',en I.e roekc't en);1nea abown In tlie l t}.'ure repreaent. tbe main eii * 
fjliiea now undef eonatriiet Ion lor tbe NASA Space Shuttle. Tbe engine, abown In 
I l}>ure 2/i, la alxnit lA I t (A.'^V in) lonj’, S ft (2.AA in) In diaiii, ami welj-ba 
about 6,000 11> (2,722 Rr) . Tlio enj'lne baa a aea-levet, thrust of Ar/,:500 Jl> 
(J.aShxni'' N), vaciuim thrust of 512, dOO (2.2/9x10'’ N) , and omerj>ency thrust 
of 550,090 lb (2.558x10*’ N). The vacuum apccJ.l i.c Impulse provided by I be 
J.OX/H;. has a value of A56 sec. ’i'be euRlne can be reused up to 7.5 lir with 
maintenance performed between fllRlits usinp ,iet (nigine techniques similar to 
those employed by tbe airlines to lower the cost per flight. The engine has 
regenerative cooling similar to the 1*'-1 and J-2 engines. A digital computer 
monitors engine parameters, such as pressure and temperature, and automatically 
adjusts tbe engine to operate at the required thrust and mixture ratio. Tbe 
thrust requirement for tbe vehicles with UDMIl fuel are essentially tlie same as 
for the cryogenic vehicles. Therefore, development of a new UDMIl rocket engine 
with geometric characteristics similar to the Space Shuttle engine would be re- 
quired if storabJe fuels were necessary. 

Procedurc.'i to maintain cryogenically fueled vehicles on ground alert arc 
more complicated than for storable liquids. Figure 25 shows £i schematic ol 
one potential cryogenic ground handling procedure. The boilofi from the in- 
Hul.'ited cryogenic tank is recirculated through a ground based rceireulatlon 
system back Into the tank aboard tlu’. aircraft. A ground based air circulation 
system circulates warm gas between the insulated tank and fuselage inner shell 
to prevent ice buildui>. Quick disconnects for tbe circulation systems similar 
to those used on space vehicles are needed. Cryogenically fueled space vehi- 
cles have been lu'ld for periods exceeding 9 hr with no apparent difficulties 
encountered. These vehicles did not have warm air clrcul.ition systems and no 
at tempt was made to prevent ice buildup. 'I’he dash on warning concept will be 
on ground alert for periods far greater than 9 hr. This is a technology Item 
which must be studied in greater detail, but such a proposed procedun> appears 
to be feasible at the present time. 

ModJ_i'_J I'd Spytee^ *•' 

Th(‘ modified Space Shuttle Veliicle, shown in figure 26, was studied to 
I'et (jriniiie the caiiahJllty of this vehicle which will soon be operational. I’lie 
components of the basic Sliuttle wlilcb were ehuiit'.ed are underlined In Lite group 
weight statement shown in fljptre 27. 

Till' lu'at shielding, n'aetlmi control system and ocliltal mani'uvio'lng sys- 
tem were removr'd since these' art' re(|ulred tor oiit-ol -atmosphert' flight. Tlie 
payload pfovlsliui and g.rowtb allowance wert' rt'inoved. Tbe tanks for the boost 
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|)ro|u’ 1 1 out arn Tnratrd honaaili Clui inlafillo rarp,o hay, A dop loyahl n l)am* alnond 
waft addl'd la rnducn crulap drap, and the. daploymont morhanJ am Jn the aanic aa 
Iliac |)vapom'd lor chn imflIaRo.d nx'kol . Two wliiK-mnnnl od lilp.h-hypaas-'rnl lo 
l iirholaii (>np,l.n('a woro addoU Cor Iho ('nduranoo iniHuion. To provJtIo c I oaraiiri' 
for mlaa I lo launoh, t ho ainp, lo vort loa.l Call wan oliannod Co a oanCod Iwlii- 
vorlCoal call nrranjp'inonl: . Thoao inmU float Iona Inoroaaod the* onipty woC|',ht 
about 10 poroont ahovo tho onrront Space ShiittCo, Thn proaa w('lp,lit of Clio 
tmnllflod Spaoo Shuttle! waa 600,000 11> 1 .'i.*) kpj , ooinparod to tlu' orbital 

doalpn ('ro.HH wuiglit of 2A.'i,000 lb (II I, ISO kp,) . 

It should bo. noted that this modified version of the Shuttle would require 
missllo launch through the top of the fuselage. Feasibility of this maneuver 
has not been Investigated in detail in the present study. 

Weights and Sensitivities 

Weight comparisons for the concepts shown in figure 4 are presented in 
figure 28 for the nominal mission of a supersonic dash of 50 n. mi. in 3 min, 
6-hr subsonic endurance, and a payload of two 100,000 lb (45,359 kg) missiles. 
All staged and unstaged rocket configurations have gross weights in excess of 
one million lb (453,592 kg). Cross weights of thn unstaged rockets are lighter 
than the staged rockets, reflecting the lower energy coittent of the staged 
solid-propellent fuel. The storable liquid propellent vehicles are slightly 
heavier than Che corresponding cryogenic vehicles for a similar reason. Al- 
though the storable liquid propellent is a less energetic fuel than tho cryo- 
genic, it has a density about four times the cryogenic propellent. This per- 
mits smaller rocket propellent tankage and results in a somewhat smaller fuse- 
lage. 

The modified Space Shuttle had a fixed gross weight of 600,000 lb (272,155 
kg). This vehicle satisfied the dash requirement but could carry only one mis- 
sile for 2 hr in the endurance mode. The HTO conventional variable-sweep wing 
using the cryogenic propellent for boost was about 70 percent heavier than the 
corresponding VTO configuration. The increased weight for horizontal takeoff 
is primarily a result of the wing and landing gear being designed to support 
the boost system fuel during t.ikcoff. Tho all airbreathing HTO aircraft waa 
the heaviest vehicle studied, weighing about two-million lb (907,185 kg). To 
satisfy the dash requirement, 10 duct-burning, afterburning engines each with 
200,000 lb (889,644 N) of thrust were required. In addition, a dynamic pres- 
.‘jure of 1,100 Ib/ft^ (52,668 N/m'’) was required to satisfy the dash require- 
ment. because the .Space Shuttle did not meet the payload/endurance require- 
ments and tlu! HTO configurations wt're about twice the weight of the VTO con- 
cejits, they were rejected from furtiier consideration. 

The omiurance welglit of the aircr.ai t Is the weight at the end of the dash. 
In eontrast to llie gross weight eonip.ir Ison , the unstaged rocket vehicles are 
heavier at endur.ince than the staged rockets. This converse behavior reflects 
the Increased weight f>f the structure .ind cruise fuel required to carry the 
rocket eng, lues and tankage lliroughout tlie entire mission profile. The UDMH 
vehicles are essentially the same weight at endurance as tlie cryogenic vehi- 
cles. It may be noted that these endurance weights are comparable to current 
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widi' Ixiily iiiil)fionl(' I r.uixporl ft , Tlic filrlifinu* (';iii he iiii'kIc from fitumliiMiii ximI 
cxJftl ln|‘ or JT-y lilc.h-hyii.ififi- r.il lo nirholim '“•'ii l»f ' 0 '< .1 (m 

Till' vi'liicio ('iii|i) y wo I I'ti'o filxo oom|)firfil) I o to wlilo body iiobooiilo |ol 
t rfiniiporl fi. The unxi fi>*<«d rorkot ooiii'o|)l it viiry fiom .iluuit I . to 2 i Inion ilio 
Wole, lit ol I lio fil.ij'od rofkot!!, Al(lioiiy,h Llio nniit.nj'otl rorkot oiiij)! v woli'.lilft ;iro 
liofivior I lift n f bo fit;tj',(*d rookt'l , I lit' o) foot ol rord it It.'ivo ytd to bo coiifi I doi od . 
TboroiOfo, Llio iinitt.ij'i'd rookol ft woro rotfitni'd ;i» o;md Itl.il c I'onI I j'lii fil loiift. 

Tbo woti’btM fibowti fit I ij’oro 2H iiro lOr I ht; uomliml nilftftltm pml I It'. ‘I'lio 
v.'irl.'il Ion of voliicio jjrtinH wt'lp.lil wit h c’hfinj',o<* p<‘iy'<tini for I bt' tiintl.ii’od 
riH'kot ft uHliifi oiyof'uiilf lU'opollont .iro .slitiwn In flj 4 urt> 2^). Tin j'loftfi wt'ij'ht 
tllvltloil by Lbo iiomlii.tl y.i'oftM woij'ht (the* wolj'.bt j^lvon In f ig. lit fibi'wn .oi 

a hniotlon of tbu payload divided by tbo nominal payload [two 10(},()00“1b 
(A'),d59 kg) ml.sHlIoH] . On thoHO nondlmc'.nslona lixed ho.iIos a payltnid r;itlo of 
0.8 roprcBents two 80,000-lb (d6,287 kg) mlft.silos; a value of 1.6 reprofii'iiLs 
four 80,000-1b (86,287 kg) mlsKiles. A« Indloated by the tuirves, varl.able 
geometry nireraft are more nonnltlve to ebfinge.x in p.ayload than fixed-wing 
aircraft. Another measure of sensitivity is tlie ratio of the. percentage 
change in gros.s weight for a 1-percent change In payload, evaluated at the 
miinliitil. That is, the normalized curve slope at the nominal. For example, a 
l-percent change in p.ayload changes the gross weight of the fixed-wlii)’, fiircraft 
by 0.4 percent, evaluated at the nominal, and by about 0.6 percent for the vin- 
iable ge.ometry aircraft. Numerical nondlmenslonal sensitivity values permit a 
r;ipld relative assessment of the effect of changes in parameters other than 
payload. Therefore, direct comparisons and ranking of the various parameters 
can then be made. 

In figure 30 the normalized sensitivity to changes in payload, endurance, 
bonsl. dynamic pressure and ali'frame niatcriai technology iire shown for the 
staged rocket and unstaged rocket with cryogenic propellent. The range ol pay- 
loads and eiiduranee studied are indicated in the section "Requirements," The 
range of boost dynamic pressures considered were from 500 to 1,300 psf (23,940 
to 62,244 N/ni^). The material technology factors considered aircraft with air- 
frames (except for landing gear) made from all-composite materials to all- 
aluminum conventional airframe material. Higher numbers for sensitivity Indi- 
cate hlgli sensitivity and are therefore the leas desirable. For example, a 
J0-|)ercent change in payload causes a 5-percent Increase in gross weight lor 
tlie .8R--2F configuration and a 2.1-pcrci'nt increase for the SR-FW conf I (’.mat Ion . 
The siMisitlvIty study indicated that all vehicles were most sensitive to 
changes in payload and least sensitive to changes In material teclinology. In 
view of the lilgh cost factors associated with comptisite structures, It would 
appear unlikely that: t;lu‘ tis'hnoloj'y risks ol such .a strnctni*' would In' acre|>ted 
Itir HO little relative g.aln In nuUiced welg.ht. Sensitivity to Incre.islng heost 
dynamic pr('SsiHH' Is I; vorahli' lor the two-poslllon wing, coni Igiiral Ions . I n- 
creaslii}’ boost dynamic (n'esnniri^ rednccs the wcig.hl of I hcsir ci)n1 Ig.ni al Ions .and 
Increases llu' weight lor the oltu’C conflj’nial Ions. The i’X))l.an,at I on lor this 
lav(ual)1e effect h.ari been pia’Vlmi.s I y discnsscil. The sensitivities Indlcale 
that the sl;ij>ed rockets .are t he le.ast sennit lv(' design because there It! no 
ilead-welg,hl 'tt endurance .associated witli the boost system. 
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A ( nl)U' of Mu' .!. tni lof! rluirarluu' i ul J rn I n); I lir nninina.l ciKliinnicn <‘mil Ij'," 
t.iai Jmiii iin> K' /nn in Appoidix A. 'J'ypiral -ipl' ^ vinwn nl Mic lIK-l'W-UDMIi 
vt'lt icic' an ropr ''‘U')i(:a<l in l lu' AilfiYN’l' pi’op.r/iiii, a<Tr)tly)iain la aiu' j)rn)iii laJon <'liai" 
act )>r i il J cn ai’>' nliown. (iroup wafj'.lil at a l c'liicnt fi lor I lu* nominal coni Ip, nnil Iona 
arc nJvcn, lolliwnd by l alnMaicd hooal incl fraci Iona and I lirual "lo-'wc I p,lil 
rfU ton. Tabnlal(ul |',rot" wcJf'hl iiu.it cnu'nl a for Mu* (‘ndnrancc a I rein 1 1 will) 
cliniu'.cH in minnlon p.irai >c|;<!) i arc p.lvcn In Appendix It, 

Kconomi Cis 

Tlu’ iiotnlnt).!. rccpiircincnv ior the (n;onomJ.c hfudy wan to maintain 200 iiilfi” 
aiicH airborru: during an attack. For an asmiim. i launch probability oi 90 i><'r- 
cont, I’.lic juirchfiKc. of a fleet, of 112 alrci.'lt in rcifpilvc.d to satialy daKli on 
warning syntem requiremunts, Partla.l. cost clnnicmtn imcd in Mils study wen; 
development and acquisition costs to pundiaac the fleet and fuel costs lor 10 
years of operation as a function of the number of fleet launches. An aggriigait? 
learning c.urve of 80 percent was used on acqulslt . on costs, comparable to cur- 
rent cxperietice trends in the aerospace industry. rn particular, this learning 
rate is typical of that encountered in the design of subsonic jet transport 
aircraft. It has been shown that the empty w«iights ot dash on warning ain'valt 
are comparable to current big subsonic jets and they employ similar airframe 
and cruise engine technology. 

In addition to airframe costs are the additional costs associated with 
boost propulsion acquisition. For the solid rocket booster this cost was $6 
million per launch per aircraft . The booster w.-;.s considered expendable, al- 
though the Space Shuttle booster is recoverable. However, the Space Shuttle 
booster is designed for water recovery, not land recovery. It is generally 
felt that impact velocities of the present system prohibit land recovery and 
they would have to be redesigned if land recovery is to be considered. The 
refurbl.shmont cost for the Space Shuttle solid rocket boosters is about $4.7 
million per booster, about 80 percent of the acquisition cost. 

The cost of the Space Shuttle cryogenic, rocket engine is estimated to be 
$5 million each. Four rocket engines are required for the unstaged rocket 
systems, resulting in a boost propulsion cost of $20 million per alr^rafj: . 

This is a nonrecurring cost since those reusable engines remain with the vehi— 

I I throughout the entire missiot) profile. The UDMII rocket engines are about 
the same size and tlmist class as the cryogenic engines. Therefore, it was 
.'issumed they would also cost $20 million per aircra ft. In addition to the ai - 
quisition cost, the UDMlt engine would require a development cost of approxi- 
mately $800 million which is the development cost of the shuttle engine. If 
thi.s cost is amortizcil over 112 opt’riitionai aircralL, the total cost of IIOMH 
boost engines is $27 miUlon per air craft. $7 million more per aircraft than 
the (cryogenic rocket englne.s. The cruise engine cost is estimated to be $1 
million per engine; the current acquisition cost for ClF-6, JT-9 or TF-.19 en- 
gines which power the IJC 10, 747 atid C-^A, respectively. 

Fuel costs used In tl)is study were. 2c per lb (4.4C p(?r kg) ior hOX and 
')0c per 1b ($1.10 per kjM for H;.;. For the mixture ratios of hOX to IM this 
i:esuU ! in a net prici' of lOC per lb (22C per kg) for the propellent combina- 
tion. The cost lor the storable propellent components was 14<? per lb (.llc per 
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K(') lor nlliof'on loiroxldo, 'iO^ per 1b ($1,10 por kp,) (Or liOMil .iiid V/kOO per 
lb por k(',) (or liydraxiiu>. I’or (lie fiicri (o oxldlxor rni (ort nquliofl (bo 

roinlrliiod )»ropo1 I cnl. ooiiC 1o $1,00 por lb p«r kp). Tlio rriiliio ('iij'.liH' 

(tiol ro/d wdii 10c por {pil (bbc pi'r kfO. 'Hio rout o( fio) Id pro])'* I I <'iil 
liiol for I lio HI n^i'd rorj<(>| In Inrliidod lit l.b(‘ $b ml I I ion''Hr(pi I ri i t Iod oohi . 

A rompHrInon ol t bo dovo I opmoul mid ortpi I hI I; loii ronl , in bl I I lonti of dol- 
WuH, Tor Ibo v/irlomi ronropl h Ih hIiowii In nc,nn> 'll, DovolopmonI , .irrpi i s ( •• 
l ion and hill ial boont; nyiila’in cohIh aro proHonlod, I ndopondtml. ol whip, r.oom 
oiry, rbo itlap, od rorkol dovolopinonl and aiMpihilt ion root hi about billion. 
Tb<> muiiapp’d rryopoirh' roiuu'iiCit bav<> liip.lior dovo lopinonl; and arf|ii I a 1 1; Ion oonlii, 
prIiiiarUy ronort;l.n{', tlioii: lionvior ompi.y wolf.litu. Tin* inll l.il rout ol' l bo nn - 
Hl.af'od rookot booHt: yyatoui ;I.h a Iho larpor Lbun ibo Hiap.od rurkol ronropt !., 
Ap,a.1n, indopondoni. oi winp, ipiomotry, oryoHonic unul.af'od rorkol; dovolopmont ami 
aoquiHitlon ooKf aro about: $7 billion. Tho Htornblo liquid propollonL ronri-pt;.*, 
aro aomowbat more roHtly than tbo r.ryo}>onlr conrepts. Tliis primarily roflortH 
Lbo dovolopmont r.ost of ;i now UDMIl rorkot ongino. The all airbroathlng IITO 
roncept was the most costly, with a par.tial cost of about $11 billion. Tbla 
reflects tlie heavy empty weight of tlie aircraft and tho development and ac.qul- 
Hition costs .asaociatod with advanced nirbrenthing engines in the 200,000 lb 
(889, f)/*/! N) thrust class. The costs shown for the vari.ible geometry conf igur.i- 
tions did not consider the increased complexity due to wing pivots. The cost 
sensitivity ns a function of complexity is shown in figure 32. 

The complexity factor (CF) is defined as the ratio of labor, engineering 
and tooling costs for the complete variable geometry airframe divided by labor, 
engineering and tooling costs for a fixed-wing aircraft. Tbe costs shown do 
not Include the boost propulsion system costs. These costs are for the un- 
staged rocket UDMll vehicle because it had the highest ratio of wing weight to 
endurance weight. The normalized sensitivity indicates that a 10-percent 
change in complexity factor will increase the vehicle cost by 5.V percent. As 
noted above, a complexity factor of one was used throughout this study. Figure 
32 Is presented to provide information on the costs of variable geometry air- 
craft if a penalty is warranted. Of course, a small penalty is Included for 
variable geometry by the I5~pcrccnt increase in wing weight that was included 
in the weight estimates (costa arc partially based on weight). 

The cost sensitivity to missiles airborne Is shown in figure 33. When 
system reliability is included, a Heel of 56 aircraft are required to main- 
tain 100 missiles airborne; 223 ate required to maintain 400 mlsslies air- 
borne. independent of wing geometry, the staged rockets exhibit the same sens- 
itivity to number of misslios a;(rborne. For the unstuged rockets tlie tliffer- 
I'lices lietwecn wing j’l’ome. tries is due to aircrait empty weight. The UDMll con- 
cepts are slightly more costly because ot the development cost for a new UDMll 
rocket engine. Development and acquisition costs are not the entire econonrU' 
story. A complete economic picture must also include the fuel cost for tin* 
lU'et. Vehicle maintenance and operation costs were outside the present study 
scope; these were to be determiiu'd by U.SAF-SAMSO under guidelines for making 
eeonoitiic c.omparlsons among .'ill concepts being considered in tin* M-X program. 
However, development, acquisition and iiiel costs wen* computed due to tlm im- 
pact of fill J costs on system iiosts. 
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l''Jpui'f' 3^1 nItowM f lu< p;irl;in] coril nft n (imrllnii of alert « (or iraiiiJii('. 
tllpjita) |><T yaar, rarClal roal. Ifi dallnr'd h(>r<> at) dovi'l opmcnl and arcpilal 
I Ion ooalu lor t;ho Mool: and Itiol roniri (or 10 yt'aia. Tlio alraral l arc aiuinnicrl 
to lie alrliornc 0 lir pi'r alcrl . Four a I err a per year re))rf‘fi('iU a Inlal oi M) 
ileei /lien a over I lie 10 ye.tra. Only ( lie ( !xed-w(np, eoni ip,m el I ona /ire pre- 
.-u-nled, but l.ltey re/pilri' I lie p.re/il eat booal propel leni dn/' l o l lielr hlj'ber 
I'onI I p,ni'/i I I on d rai’, . 

From an Inlllal eotU of -Vt billion, I be ftl/ined roelti-r e.oala rlae r/ipidly 
wlrli miintx'r of /iterKi [ler year. Ivk'Ii ( leer /ili'i'l re/pelrea I In' pnreli/iae of /i 
new -'''b mi l l ion booarer for oaeli c'llier/il t: . Tbe in'l booal coal; per iili'rf hi 
$600 million for repl/icemenl of tin' expend/ible aolld roeketa. At lour alert a 
l>er year, tbe p/n:tl/il eoat for al.af’ed roi'ket ayatem la about $28 bJlMon. Tbe 
eryoj'.iMile unat/ijU'd roe.ket la Init ially more eoatly tb/in /i at/ip.ed rnekel: , but 
even /it l.'onr alerta per ye/ir there la only /i til Ip, lit rJaie In rout.. 'I lie only 
eostH whieh /icerue to tbia ay/item at eaeb l/ninch are booat and erulae Ineta, 
alinie the rocket englnea /im! tanka /ire reua/ible. At lour alerta per y/'/ir, the* 
iinatapcd rocket ODMII coat la about $3 billion more than the cryo}-enlc. Thia 
reflects the higher cost of the UDMII propellent. 

Figure 35 shows tlie ye/irly JP-A endur/inee fuel reqiil rementa for ii fle»'t 
ol /ilrcraft. For this computation, the method for ni/ilnt/ilnlii{> the fleet on 
air alert differa from that dlscuased above. The fuel ahown la lor ^ne l/t-d/iy 
alert year. To perform this mlsalon, 13A aircraft /ire required, 22 more 
than the previous model. For a launch prob/ibllf.ty of 90 pi^rcent, to malnt/iln 
100 aircraft on air alert for extended periods, requires that one-alxth of thi' 
fleet be cycled hourly for refueling. The reference values for the number of 
gallons In e/tch category are for 1974, Unstaged rocket conf igurntlona require 
more fuel than st/iged systems, reflecting the de/id weight of the boost propul- 
sion system which must be carried throughout the mission profile. Staged 
rockets require about 1.5 percent of the current utilisation of military air- 
craft fuel; unstaged rockets about 2 percent. 

Cost sensitivity studies for tlie UR-KI'I-UI)MU vehicle were made for the 
320,000 lb (145,250 kg) payload and for 10-percent changes in both payload 
/ind endurance. The economic results and group weight statements /ue presented 
in Appendix C. An iteiiiixat ion of the development and acquisition costs for 
the nominal configurations are /ilso included in Appendix C. 


CONCLUDING RFMARK.S 


All the new concepts studieit s/itisfied the nrlssi.on proi lle of /i 50 n. iii( . 
dash In 3 min, 6-hr endurance, ;md 200,000 lb (90,7)8 kg) ol payload. Oni' of 
the most significant findings is th/it tlie supersonic dash c/in he /ichieved /il /i 
dynamic pressure of 500 psf (23,940 N/m’). This is about ihr. s/imc dyn/imic 
pressure encountered by curreni suhsonlc jet transports /ind suggests th/it coii- 
ventlon/il 1/irge subsonic jet structure /ind m/iterlal te<'hno1ogy can ho used for 
the airframe. The /lirlr/ime c./in lu* made from conventional a liiml mini st rue line 
iind tlu' cruise (mj'liu’S used for endur/ince I light ari’ In oper/itlon tod/iy. 

Hither tlie CF-fi or .lT-9 will s/itlsly the endur/ini-e enilse and conventional 


n 

I 
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Uiki'of r <,nd l(miUii|l rntiPm H. Tin- rryoK«’iv<f nn/M nufd rot kcl rnmu«|il m uI I 

M/.c I Ih' <;un (<n( ?>!>«('<' filuU t ln rockpl: cnivliif’ (If'MlRii. 

All (•(nuUdmip t:(mi iRurnI l<niri wcIrIm*(I mnn' Mum oiu* million ll» (A'll.SdZ Hr) 
Ml Intimdi. Thf>rn In a m-RURMi li' wi^IrIH- d I f rnrnncc ainmiR Hir I hn'c wIiir rco- 
imM i U'ii (-oiuHdcrcd and liol wcan I In- cryoRrult' ainl nlorabln liquid himiil |>n>" 
iH-lli'nl-n. Al lannah, nnnlaRnd rnclod fi art- alnmi J>() |n-n-«n( UrIiK-i' Ilian rilaRcd 
roclu-m l)c-cmi(i(! I In-y na(> a morn om-rRcl i<- boottl: pnun-llt-nl. Convoi in-ly, dm I nr, 
cndurainn' niR.lil t in- nl aRod rockoln an- alioul AO imn-nni’ l lRlti or I han nnm aR(-<l 
nx'knl n bt-aamu' t in'y liavo no lU-ad wcIrIiI aano(’. lal.nl wil li Iho booal. . Iln- (-mp y 
wHr.IiI ami oiuJjiranco I l iRht wi-IrIiI an- aiinllar to tin- bii-, aubnoirh- ,)i-t I rani!-* 

jairtH. 

Tho horizontal takc.oll' vi-litaliui an- about 'iO pon-onl In-avlc-r tlnni vorll- 
«-.al takoolT c.onl lRurationH primarily due- to tin- wliiR ami laudinR Roar be ni' 
dciHlRnml to mipiuirt tlu^ boont Hyntem diirlnR takeoff. The all airbreather wiia 
the heavioHt eoneept eonaiihn-ed , approximately 70 pereent Rveater than (hi- eor- 
reapondiuR variable-Hweep wiitR aircraft uainR a cryoRenic propellent. In addi- 
tion to the increi.aed weiRht reHultinR from horizontal 

breather concept required a dynamic prenaure in exceoH of 1,100 pat to.', non 
N/m^) to fUitiHiy tlie daah requirement. Ten duct burniny, afterburniiiR eiiR nes 
each with 200,000 lb (889, 6A4 N) of thruBt were required to HatlBfy the time 
cona train! . 

The modified Space Shuttle aatisfied the dash requirement but could carry 
only one 100,000-lb (45,359 kg) missile for two hr. The groBs weight of the 
modified Shuttle was 600,000 lb (272,155 kg), compared to the orbital design 
weight of 245,000 lb (111,130 kg). 

The development, acquiHition and boost propulsion costs to maintain 200 
missiles on air alert for 6 hr will be about $4 billion for staged rockets am 
about $7 billion for unstuged rockets. Staged rocket costs are highly sensi- 
tive to the number of alerts or training flights per year because they require 
.-m expendable booster. The cost will be nearly $600 million for each f eet 
alert. Therefore the unstaged rockets ippear to be the lowest cost configura- 
tion If oven a few fleet training flights or alerts are planned. For these 
aircraft the boost propnlslon system is reusable and therefore only fuel costs 

are incurred at each alert. 

The dash-on-warnlng concept will, rectuire advanced technology in some 
areas. Technology advancement is required for vehicles which have gross 
weights In excess of one mlUion lb (453,592 kg), although a large portion of 
Ibis weight is in boost fuel. An advanced development program is required for 
a deployable base shroud for the unstuged rocket vehicles. There is a wlng 
deslgii compromise requiring iurtliur lnv(>stlgation since dash-on-warnlng aU 
craft requires supersonie flight during the dash and subsonic filgbt dnr ng 
cnilse. Further detailed study Is required to determine the characteristics 
of subsonU-like airfoils flying at supersonic speeds. 


with 


Another advanced 
large airctiift, e 


technology area Involves an all-weather vertical-takeol f 
specially in high ground wind. Although the study indi- 
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(>(tl nd no Hupnri or l l y of <»no wii»K ovor anol hor, a I l -woal lior laum li may 

favor varlal>Jo ^iooinnlry alror/iK /iiul iiiaUoa Iho t wtr'iiotiliion wfiiK moat: allrar- 
Uvo, Tt»o l:wt»-iioa:I|:lon wiuR wM I profiont. Iho Jowoal; profJ lo lo Rroimd wJtula 
while on llio laimoh p/nl ami will prohahly ho leaac. afl(u'i:<'d dni'liiR J/iimoh In 
had woal hin’. 

Thoro 1,(1 muid for a ground hanod oryoRonlc rm'lronlallon nyatcni, If a 
oryoRtmlc propollonL hooal Hyatoiit :fn lo l)o innal. A.Uo.rnal cly , a now rocRof 
I'URlno dcmolopmont; ooHtlnR (ipproxlmatoly $1100 ml, I, lion will ho napilrod If n 
Hforablo Il{iu1.d prop('llonf In HtrlooUsd. 
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APl'KNmX A 


NOMJNAl, KNDilHANCl'; VKII ICl.H CIIAHAdTKIUlTfCfi 


Oluirncroi’ldr led ol l lic cuJuraurn a h’(^r/il ( ari' pratii'nl »ul , Th<> va luo/t lor 
body IniKt'i bivcn In llio table ol' alri-ran Ir ebarai laa’ 1 (d leii doeii not 

liiHudi' rlH> deployable al l atiroml on 1 b(> nnataKf'il roelud: ('onl lKUiat loan. The 
iiln iiud liainHi lf> del ennlned by nalnp, a finemiaa ral lo (Hbroiul-leiiKt b/l>ody-diam) 
ol 1.'). Tlu’ ibniHt^'pei’-eny,;! ne iti the Hea-level Hl;fil:J,(! ilnnal lor one <’rulae 
enn liie. Al l eoneepi a l■(>(^n;l,red lonr O'nlae enK l"'’*'* 

The vlewH ol‘ t:lie UU-l-’W-UUMlI alreral l: are the eonlip.nral ItniH analyr,ed by 
the ACSYNT program. 


NotaLlona naed wilhin thla Appendix are Riven bt?low: 


At:COM 

AUV WKAPONS 1 

ADV Wl'tAl’ONS 2 

AIK CONU 

AbT 

ALPHA 

AUX 

IJODY 

CID 

cno 

CL 

Dli-ICK 

KQUIP 


Crew accoimiiodatlona, lb (kp.) 
Payload aupport, lb (ky) 

Booat enp.lneB and tankage, lb (kg) 
Air conditioning, lb (kg) 

Mission altitude, ft (m) 

Angle of attack, deg 
Auxiliary equipment, 1b (kg) 

Body (same as fuselage), lb (kg) 
Total drag coefficient 
Minimum drag coefficient 
Lift coefficient 
De-icing equipment, lb (kg) 
Equipment, lb (kg) 


PUICT Prlction drag coefficient 


HTAIL Horizontal tall, lb (kg) 

HYD Hydraulics, lb (kg) 

IHT Tnterf creiiiM! drag coefllclent 
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r,lf t rntlo 

I.aiidJnf, Kcnr (oniiu! im rtH^lU inp Ri'ar) , Jb (kg) 

Mac'll niiinbc'r 

Na(u>.HpH for cnilHo (inglnoH, lb (kg) 

PmuHiuitlca, lb (kg) 

Propulsion (cruises engines and fuel system), lb (kg) 

Cruise engine specific fuel consumption, Ib/fuel/lb-thrust/lir 
Horizontal plus vertical tall, lb (kg) 

Cruise engine thrust, lb (N) 

Vertical tail, lb (kg) 

Weight at start of endurance (end of dash), lb (kg) 

Configuration Notation 

UR Unstaged rocket 

SR Staged rocket 

2P Two-position wing 

VS Conventional variable-sweep wing 

PW Fixed-wing 

LOX Liquid oxygen 

H? Liquid hydrogen 

UUMII Unsymmetrlcal dymethal hydrazine 


1,/U 

Lc: 

MACH 

NACL 

PNKII 

PROP 

SFC 

TAILS 

THRUST 

VTAIL 

WOTO 


2A 


AIRCRAFT GEOMETRIC CHARACTERISTICS 



6.6 180 4900 

( 54 . 86 ) ( 455 ) 





















UNSTf^GED ROCKET FIXED WING UDMH 


03 / 04/75 









lijiriitiiiiliiittyi i 





ea/«»4/7s 


> ROCXET FIXED W INC UDMH 
POLRUi 

AERODYNAHIC CHARACTERISTICS 



1 0.^00 
1 <ci . 4f,i0 

3 0,500 

4 0.550 

5 0.600 

6 0.650 
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FIXED EQUIP FUEL 

PAYLOAD 
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UNSTA(!KI) HOCKKT 


(iompoiKMit 


Alrfrumo Structure 

Wing 

I'usulago 

HTail 

VTail 

Nuccllaa 

Alighting gear 

Propulsion 

Engines 
Fuel system 

Fixed Equipment 

Hyd. & Pneu. 
Electrical 
Avionics 
Instruments 
De-ice/air cond. 
Aux. gear 
Crew ar.com. 
Flight controls 

Fuel 

Payload 

Crew 

Armament 

Ammunitiou 

Missiles 

Uombs 

External tanks 
Adv, weapons 1 
Adv. weapons 2 

TOTAL: 


FIXED W/Nfi IIDMII 


We J gip: 

We J ghi 

ni)) 

(kg) 

179,192 

81,279 

78,351 

35,539 

66,503 

30,165 

1,629 

739 

7,355 

3,336 

8,149 

3,696 

17,205 

7 , 804 

40,239 

18,252 

36,074 

16,363 

4,165 

1,889 

28,481 

12,920 

4,091 

1,856 

6,892 

3,126 

5,000 

2,268 

2,653 

1 , 203 

3,149 

1,428 

2,182 

990 

1,395 

633 

3,121 

1,416 

145,041 

65,789 

255,720 

115,992 

720 

327 

0 

0 

0 

0 

200,000 

90,718 

0 

0 

0 

0 

15,000 

6,803 

40,000 

18,144 

6l4JU!&7A 

294,232 
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STAOF.D UnCKKT — TWO-i>OSJT]()N 
Oomptincnt ^ 


Airlrnmc! Str»cl:iiro 

122,719 

Winfi 

55,685 

Fuselage! 

38,709 

HTall 

1,581 

VTall 

6,173 

Nacelles 

7,783 

Alighting gear 

12,789 

Propulsion 

38,430 

Engines 

34,433 

Fuel system 

3,997 

Fixed Equipment 

23,153 

Hyd. & Pneu. 

3,041 

Electrical 

5,123 

Avionics 

5,000 

Instruments 

1,972 

De-ice/alr cond. 

2,340 

Aux. gear 

1,622 

Crew accom. 

1,395 

Flight controls 

2,660 

Fuel 

123,395 

Payload 

215,720 

Crew 

720 

Armament 

0 

Ammuni t ion 

0 

Missiles 

200,000 

Bombs 

0 

External tanks 

0 

Adv. weapons 1 

15,000 

Adv. weapons 2 

0 

TOTAL: 

523,418 


WINC 


W<‘J rIiI 
(1<r) 


55,f)f)4 

25,258 

)7,558 

717 

2,800 

3,530 

5,801 

17,432 

15,618 
1 ,814 

10,502 

1,379 

2,324 

2,268 

894 

1,061 

736 

633 

1,207 

55,971 

97,849 

327 

0 

0 

90,718 

0 

0 

6,804 

0 

237,418 
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STA(JP.D ROCKl'IT - 

- VARIA15LK SWEEP 



Weight 

Weight 

CompomntU 

(lb) 

(kg) 

Airframe Structure 

129,415 

58,703 

Wing 

68,584 

31,109 

Fuselage 

35,699 

16,19.3 

HTail 

1,439 

653 

VTail 

2,801 

1,271 

Nacelles 

7,647 

3,469 

Alighting gear 

13,245 

6,008 

Propulsion 

37,758 

17,127 

Engines 

33,849 

15,354 

Fuel system 

3,908 

1,773 

Fixed Equipment 

23,665 

10,734 

Hyd. & Pneu. 

3,149 

1,428 

Electrical 

5,305 

2,406 

Avionics 

5,000 

2,268 

Instruments 

2,042 

926 

De-ice /air cond. 

2,424 

1,100 

Aux. gear 

1,679 

762 

Crew accom. 

1,395 

633 

Flight controls 

2,670 

1,211 

Fuel 

110,189 

49,981 

Payload 

215,720 

97,849 

Crew 

720 

327 

Armament 

0 

0 

Ammunition 

0 

0 

Missiles 

200,000 

90,718 

Bombs 

0 

0 

External tanks 

0 

0 

Adv. weapons 1 

15,000 

6,804 

Adv. weapons 2 

0 

0 

TOTAL: 

516,747 

234,394 

£sr. • • •• — 
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«TAGliI) HnCKl'Vr — Kl xi*:d wind 


fkimpnncMit 

Weight 

(lb) 

Airframe Slructuro 

126,997 

Wing 

66,622 

Fuselage 

35,383 

HTail 

1,459 

VTail 

2,895 

Nacelles 

7,576 

Alighting gear 

13,042 

Propulsion 

37,409 

Engines 

33,537 

Fuel system 

3,872 

Fixed Equipment 

23,527 

Hyd. & Pneu. 

3,101 

Electrical 

5,224 

Avionics 

5,000 

Instruments 

2,011 

De-ice/air cond. 

2,387 

Aux. gear 

1 ,654 

Crew accom. 

1,395 

Flight controls 

2,755 

Fuel 

100,323 

Payload 

215,720 

Crew 

720 

Armament 

0 

Anununltion 

0 

Missiles 

200,000 

Bombs 

0 

External tanks 

0 

Adv . weapons 1 

15,000 

Adv. weapons 2 

0 

TOTAL: 

503,976 


WiviRht. 


57,605 

30,219 

16,049 

662 

1,313 

3,436 

5,916 

16,968 

15,212 

1,756 

10,673 

1,407 

2,370 

2,268 

912 

1,083 

750 

633 

1,250 

45,506 

97,849 

327 

0 

0 

90,718 

0 

0 

6,304 

0 

228,601 
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UNSTAGKD ROCKKT 

~ TWO-POSmON WING 


Component 

Weight 

(lb) 

Weight 

(kg) 

Airframe Structure 

218,119 

98,936 

Wing 

96,044 

43,565 

Fuselage 

75,389 

34,195 

HTall 

2,308 

1,047 

VTall 

10,451 

4,740 

Nacelles 

12,264 

5,563 

Alighting gear 

21,663 

9,826 

Propulsion 

60,559 

27.469 

Engines 

54,290 

24,626 

Fuel system 

6,268 

2,843 

Fixed Equipment 

33,456 

15,175 

Hyd. & Pneu. 

5,151 

2,336 

Electrical 

8,678 

3,936 

Avionics 

5,000 

2,268 

Instruments 

3,340 

1,515 

De-lce/alr cond. 

3,964 

1,798 

Aux. gear 

2,747 

1,246 

Crew accom. 

1,395 

633 

Plight controls 

3,181 

1,443 

Fuel 

184,209 

83,556 

Payload 

265,720 

120,529 

Crew 

720 

327 

Armament 

0 

0 

Ammunition 

0 

0 

Missiles 

200,000 

90,718 

Bombs 

0 

0 

External tanks 

0 

0 

Adv. weapons 1 

15,000 

6,804 

Adv. weapons 2 

50,000 

22,680 

TOTAL: 

_762,q63 

345,666 
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Airframe Structure 

214,273 

97,193 

Wing 

104,258 

47,291 

Fuselage 

71,120 

32,259 

HTall 

2,184 

991 

VTail 

4,845 

2,198 

Nacelles 

10,963 

4,973 

Alighting gear 

20,903 

9,481 

Propulsion 

54,131 

24,553 

Engines 

48,528 

22,012 

Fuel system 

5,603 

2,541 

Fixed Equipment 

32,666 

14,817 

Hyd. & Pneu. 

4,970 

2,254 

Electrical 

8,373 

3,798 

Avionics 

5,000 

2,268 

Instruments 

3,223 

1,462 

De-ice/air cond. 

3,825 

1,735 

Aux. gear 

2,650 

1,202 

Crew accom. 

1,395 

633 

Flight controls 

3,230 

1,465 

Fuel 

160,771 

72,924 

Payload 

265,720 

120,529 

Crew 

720 

327 

Armament 

0 

0 

Ammunition 

0 

0 

Missiles 

200,000 

90,718 

Bombs 

0 

0 

External tanks 

0 

0 

Adv. weapons 1 

15,000 

6,804 

Adv. weapons 2 

50,000 

22,680 

TOTAL: 

727,561 

330,01 6_ 
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UNSTAGKD ROCKET — EIXEl) WIN(i 


C<5iupononr. 

Weight 

(lb) 

Weight 

(kg) 

Airframe Structure 

192,205 

87,183 

Wing 

84,600 

38,374 

Fuselage 

71,838 

32,585 

HTall 

1,924 

873 

VTall 

4,323 

1,961 

Nacelles 

10,468 

4,748 

Alighting gear 

19,052 

8,642 

Propulsion 

51,688 

23,446 

Engines 

46,338 

21,019 

Fuel system 

5,350 

2,427 

Fixed Equipment 

30,611 

13,886 

Hyd. & Pneu. 

4,530 

2,055 

Electrical 

7,632 

3,462 

Avionics 

5,000 

2,268 

Instruments 

2,937 

1,332 

De-ice/air cond. 

3,487 

1,582 

Aux. gear 

2,416 

1,096 

Crew accom. 

1,395 

633 

Flight controls 

3,214 

1,458 

Fuel 

154,417 

70,042 

Payload 

265,720 

120,529 

Crew 

720 

327 

Armament 

0 

0 

Ammunition 

0 

0 

Missiles 

200,000 

90,718 

Bomba 

0 

0 

External tanks 

0 

0 

Adv. weapons 1 

15,000 

6,804 

Adv. weapons 2 

50,000 

22,680 

TOTAL: 

694, 6U 

315,086 
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UNSTAtiliD KOCKRT, 

UnMH — TWO-POSITTON W1NC 

Weight 

(kg) 

Componc'nt 

Weight 

(Ih) 

Airframe Structure 

182,294 

82,688 

Wing 

82,831 

37,572 

Fuselage 

62,320 

28,268 

HTail 

1,872 

849 

VTail 

7,962 

3,612 

Nacelles 

9,412 

4,269 

Alighting gear 

17,897 

8,118 

Propulsion 

46,474 

21,080 

Engines 

41,663 

18,898 

Fuel system 

4,811 

2,182 

Fixed Equipment 

29,153 

13,223 

Hyd . & Pneu . 

4,255 

1,930 

Electrical 

7,169 

3,251 

Avionics 

5,000 

2,268 

Instruments 

2,759 

1,251 

De-ice/air cond. 

3,275 

1,486 

Aux. gear 

2,269 

1,029 

Crew accom. 

1,395 

633 

Flight controls 

3,031 

1,375 

Fuel 

157,289 

71,345 

Payload 

247,720 

112,364 

Crew 

720 

327 

Armament 

0 

0 

Ammunition 

0 

0 

Missiles 

200,000 

90,718 

Hombs 

0 

0 

External tanks 

0 

0 

Adv. weapons 1 

15,000 

6,804 

Adv. weapons 2 

32,000 

14,515 

TOT Ah; 

b 6 2, 9 30 

300,700 
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THRUST-TO-WEIGHT RATIO AND BOOST FUEL FRACTION (NOMINAL CONFIGURATIONS) 
Boost Dynamic Pressure “ 500 paf (23,940 N/m^) 


Concept Thrust-to-Welght Boost Fuel Fraction 


SR-FW 

2.31 

SR- VS 

2.60 

SR-2P 

2.64 

UR-FW-LOX/H 2 

1.85 

UR-VS-LOX/H 2 

1.95 

UR- 2 P-LOX/H 2 

1.82 

UR-FW-UDMH 

1.65 

UR-2P-UDMH 

1.77 


Propulsion System 
Solid 
LOX/H 2 
UDMH 


0.643 

0.598 

0.578 

0.395 

0.331 

0.347 

0.495 

0.448 

Maximum Vacuum Thrust 
Million lb (10^ N) 

3.6 (16.014) 

2.12 (9.43) - emergency power 
2.12 (9.43) 


NOTE: For the SR configurations, the boost fuel fraction shown Includes the 

strap-on casing weight (11 percent of boost fuel). 


Al’PKNUIX H 


I 


T 


CROID’ WKTC.IIT STATKMlvNTi: OF TIIK l'’NmiKANOE AIUORAFT WJTI) CIIANGKE 
IN PAYLOAD, RNDUKANOE, DYNAMIC PUIWSURE AND AIRFliAMK MATI-IRIALS TECHNOLOCY 


Croup weight statemonta for the onclurance aircraft arc proaonted lor con- 
figurations other than the nominal. The weight statements presented are for 
changes in payload, endurance, dynamic pressure and airframe materials tech- 
nology. Included are the boost fuel fraction to determine vehicle gross take- 
off weight and sea-level static thrust per cruise engine. For the staged 
rocket systems, the boost fuel fraction includes the strap-on casing weight 
(11 percent of boost fuel). The configuration notation is given in Appendix A. 

To determine vehicle gross takeoff weight from these tables, use the 
weight indicated by "TOTAL," the boost fuel fraction indicated and substitute 
into the following relation: 


TOTAL 

WGTO = „ Boost Fuel Fraction 


where 

WGTO = Gross Takeoff Weight (weight at launch) 
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(!ROU]» WHXttHT STATF-MRNT 


I 


CONKICn/RATlONi HK-2P 


Fnylond 

2 " 

flOK M"X 

4 - 

HOK M"X 


(36 

,287 kg) 

(36 

,287 kg) 


Weight 

Weight 

Component 


(M) 


(ky) 

Airframe Structure 

113,692 

51,570 

166,179 

7.5,37 7 

Wing 

52,507 

23,817 

70,283 

3J ,879 

Fuselage 

36,425 

16,522 

45,834 

20,790 

H. Tail 

1,272 

577 

3,746 

1,699 

V. Tail 

5,342 

2,423 

13,654 

6,193 

Nacelles 

6,505 

2,951 

14,209 

6,445 

Alighting gear 

11,641 

5,280 

18,453 

8,370 

Propulsion 

32,120 

14,569 

70,163 

31,825 

Engines (4) 

28,795 

13,061 

62,900 

28,531 

Fuel system 

3,325 

1,508 

7,263 

3,294 

Fixed Equipment 

21,895 

9,931 

29,473 

13,367 

Hyd. & Pneu 

2,768 

1,256 

4,387 

1,990 

Electrical 

4,663 

2,115 

7,392 

3,352 

Avionics 

5,000 

2,268 

5,000 

2,268 

Instruments 

1,795 

814 

2,845 

1,290 

De-ice/air cond. 

2,130 

966 

3,377 

1,532 

Auxiliary gears 

1,476 

670 

2,340 

1,061 

Furnish & equip. 

1,395 

633 

1,395 

633 

Flight controls 

2,668 

1,210 

2,737 

1,241 

Cruise Fuel 

97,532 

44,240 

240,749 

109,202 

Payload 

175,720 

79,705 

335,720 

152,280 

Crew (3) 

720 

327 

720 

327 

Missiles 

160,000 

72,575 

320,000 

145,150 

Payload support 

15,000 

6,803 

15,000 

6,803 

Boost engines & tanks 

0 

0 

0 

0 

TOTAL: 

440,959 

200,015 

842,284 

382,051 

Boost Fuel Fraction 

.627 


.532 



26,500 

117,878 N 

56,000 

249,100 


47 


CROUP WlMCm' fi'l'A'I'KMK.NT 
(:ONI''U:i)RATH)N! UR ZP 




8 hr 


10 hr 


We Ight 

Wt> Iglil 


. Jlh) 

(ky).. 

..Oh).^ 

(kg) 

A1 r 1‘ rmiK'. S t nic t iiro 

142,800 

64,772 

161,896 

73,434 

Wing 

67,184 

30,474 

68,772 

31 , 194 


41,095 

18,640 

45,545 

20,659 

11. Tall 

2,175 

987 

3,740 

1,696 

V. Tail 

8,192 

3,716 

13,818 

6,268 

Nacal 1 g8 

9,269 

4,204 

12,518 

5,678 

Alighting gear 

14,885 

6,751 

17,503 

7,939 

Propulsion 

45,770 

20,761 

61,810 

28,036 

Engines (4) 

41,032 

18,612 

55,412 

25,134 

Fuel system 

4,738 

2,149 

6,398 

2,902 

Fixed Equipment 

25,517 

11,575 

28,423 

12,893 

11yd. & Pneu. 

3,532 

1,602 

4,161 

1,887 

Electrical 

5,951 

2,699 

7,011 

3,180 

Avionics 

5,000 

2,268 

5,000 

2,268 

Instruments 

2,290 

1,039 

2,699 

1,224 

De-ice/air cond. 

2,718 

1,233 

3,203 

1,453 

Auxiliary gears 

1,884 

855 

2,219 

1,007 

Furnish & equip. 

1,395 

633 

1,395 

633 

Flight controls 

2,747 

1,246 

2,735 

1 ,241 

Cruise Fuel 

189,657 

86,027 

359,561 

163,094 

Payload 

215,720 

97,849 

215,720 

97,849 

Crew (3) 

720 

327 

720 

327 

Missiles 

200,000 

90,718 

200,000 

90,718 

Payload support 

15,000 

6,804 

15,000 

6,804 

Roost engines & tanks 

0 

0 

0 

0 

TOTAL : 

619,464 

280,984 

827,410 

375,306 

Roost Fuel Fraction 

.555 


.532 



(T/KN)^., 


37,200 


165,474 N 


49,700 


221,077 N 


CROUP W1''.K!||T rtatkmi-:nt 


CONKfClIRATION: HR-;>1' 


l)yncti'J.(^ Pi’i'Hfmi’p 

1 

,000 pal 

1, 

,300 

pal 


(47, 

,H80 N/ii/) 

(62, 

,244 

N/m‘ ) 



Weight 


We iglu 

Compoiu'iit; 






.. (Iiy). 

A1 rf rniiu' Sf.rucf.iirt' 

124,820 

5(),617 

125,516 


56,933 

Wlnj5 

55, 68') 

25,258 

55,685 


25,2'i8 


38,709 

17,558 

38,709 


17,5')H 

II. Tail 

1,950 

885 

2,451 


1,112 

V. Tall 

7,616 

3,455 

7,645 


3,468 

NacalltiH 

7,783 

3,530 

7,783 


3,530 

Alight lug pear 

13,077 

5,932 

13,243 


6,007 

PropulHlon 

38,430 

17,432 

38,430 


17,432 

KnginoH (4) 

34,452 

15,627 

34,452 


15,627 

Fuol MyHtem 

3,978 

1,804 

3,978 


1 , 804 

Fixud Fquipment 

23,453 

10,638 

23,696 


10,748 

Hyd. & Pnau. 

3,041 

1,379 

3,041 


1,379 

Electrical 

5,123 

2,324 

5,123 


2,324 

Avionics 

5,000 

2,268 

5,000 


2,268 

Instruments 

1,972 

894 

1,972 


894 

De- Ic e /a 1 r cond . 

2,340 

1,061 

2,340 


1 ,061 

Auxiliary Rears 

1,622 

736 

1,622 


736 

Furnish & equip. 

1,395 

633 

1,395 


633 

Flight controls 

2,960 

1,343 

3,203 


1 . 453 

Cruise Fuel 

127,081 

57,643 

134,454 


60,987 

Payload 

215,720 

97,849 

215,720 


97,849 

Crew (3) 

720 

327 

720 


327 

Mtsslles 

200,000 

90,718 

200,000 


90,718 

Payload support 

15,000 

6,804 

15,000 


6 , 804 

Boost engines & tanks 

0 

0 

0 


0 

TOTAI,: 

529,504 

240,179 

537,816 


243,949 

Boost Fuel Fraction 

.493 


.488 




31,400 

139,674 N 

31,400 


139,674 


A9 


! 


(JKODP WI-’.irUIT liTATKMl'INT 
CONI-’KIIIUATJON! SK-JM' 

Airf rame Material Tee.lmo.1 of-.y Cnmpoa I ( c 


Airframe. Stnie.ture 

Win« 
yu8C.la)ie 
H. Tail 
V. Tail 
Nacelles 
AlightiiiB gear 

Propulsion 

Engines '4) 

Fuel system 

Fixed Equipment 

Hyd. & Pneu. 
Electrical 
Avionics 
Instruments 
De-iee/air cond. 
Auxiliary gears 
Furnish & equip. 
Flight controls 

Cruise Fuel 

Payload 

Crew (3) 

Missiles 
Payload support 
lioost engines & tanks 

TOTAL; 

Boost Fuel Fraction 

U''™>ST,S 


We I gilt 





(kli). 

84,332 


38,2.52 

38,1.50 


1 7 , 305 

25,741 


11,676 

1,166 


529 

5,087 


2,307 

4,683 


2,124 

9,. 505 


4,311 

33,032 


14,983 

29,613 


13,432 

3,419 


1,551 

19,597 


8,889 

2,260 


1,025 

3,808 


1,727 

5,000 


2,268 

1,465 


665 

1,739 


789 

1,205 


547 

1,395 


633 

2,725 


1,230 

100,261 


45,478 

215,720 


97,849 

720 


327 

200,000 


90,718 

15,000 


6,804 

0 


0 

452,942 


205,451 

.618 

27,200 


120,992 


50 


I 

! 


1‘aylofid 


, Comp ominl: 

Airfmmt! SUnicturt' 

Wing 

Kusulagt* 

H. Tall 
V. Tail 
Naccllea 
Alighting gear 

Propulaion 

Engines (4) 

Fuel system 

Fixed Equipment 

Hyd. & Pneu. 

Electrical 
Avionics 
Instruments 
De~ Ice/air cond. 
Auxiliary gears 
Furnish & equip. 
Plight controls 

Cruise Fuel 

Payload 

Crew (3) 

Missiles 
Payload support 
Boost engines & tanks 

TOTAL: 

Boost Fuel Fraction 
(T/EN)j,,^, 


CROUP WFJ.CUT f>TATKMI‘,NT 

CONFldUHATJON: HH-VB 

2 - HOK M-X 
(36,2«y kg) 

Weight 


Am 

^ikti.).. . 

105,875 

48,024 

52,057 

33,311 

1,058 

2,236 

6,261 

10,952 

23,613 

15,110 

480 

1,014 

2,840 

4,968 

30,916 

14,203 

27,716 

3,200 

12,572 

1,451 

21,022 

9,535 

2,604 

4,387 

5.000 

1,689 

2,004 

1,389 

1,395 

2,554 

1,181 

1,990 

2,268 

766 

909 

630 

633 

1,158 

91,661 

41,577 

175,720 

79,706 

720 

160,000 

15,000 

0 

327 

72,575 

6,804 

0 

425,194 

192,865 

.658 


25 , 500 

113,430 


I 


4 " UOK M"X 
Of.,2Hy kg) 

W(>J gill 


,J1h), 

(ifi;) 

163,389 

74 , ) 1 2 

85,762 

38,901 

40,980 

18,588 

2,837 

1 ,287 

5,030 

2,282 

11,535 

5,232 

17,245 

7,822 

56,959 

25,836 

51,063 

23,162 

5,896 

2,674 

28,154 

12,770 

4,100 

1,860 

6,109 

2,771 

5,000 

2,268 

2,659 

1,206 

3,156 

1,432 

2,187 

992 

1,395 

633 

2,748 

1 , 246 

177,973 

80,727 

335,720 

152,281 

720 

327 

320,000 

145,150 

15,000 

6,804 

0 

0 

762,195 

345,726 

.556 

45,800 

203,729 
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CROUP WIUCIIT RTAT1^M1^NT 


CONKKiURATION! HR-VS 


Kncluranrt’ 

8 hr 


K) 

hr 


WeiglU 

Weigitt 

Component. 

( Ib^ 



....Cbuh. 

Airframe Structure 

163,614 

74,214 

190,236 

86,290 

Wing 

94,947 

43,067 

113,685 

51,567 

Fuselage 

37,726 

17,112 

39,913 

18,104 

H. Tail 

1,942 

881 

2,514 

1,140 

V. Tail 

3,630 

1,647 

4,521 

2,051 

Nacelles 

9,031 

4,096 

10,649 

4,830 

Alighting gear 

16,338 

7,411 

18,954 

8,597 

Propulsion 

44,592 

20,227 

52,582 

23,851 

Engines (4) 

39,976 

18,133 

47,139 

21,382 

Fuel system 

4,616 

2,094 

5,443 

2,469 

Fixed Equipment 

27,264 

12,367 

30,244 

13,718 

Hyd. & Pneu. 

3,884 

1,762 

4,506 

2,044 

Electrical 

6,545 

2,968 

7,593 

3,444 

Avionics 

5,000 

2,268 

5,000 

2,268 

Instruments 

2,519 

1,143 

2,922 

1,325 

De-ice/air cond. 

2,990 

1,356 

3,469 

1,574 

Auxiliary gears 

2,072 

940 

2,403 

1,090 

Furnish & equip. 

1,395 

633 

1,395 

633 

Flight controls 

2,859 

1,297 

2,956 

1,341 

Cruise Fuel 

152,592 

69,215 

.218,763 

99,229 

Payload 

215,720 

97,849 

215,720 

97,849 

Crew (3) 

720 

32 V 

720 

327 

Missiles 

200,000 

90,718 

200,000 

90,718 

Payload support 

15,000 

6,804 

15,000 

6,804 

0 

Boost engines & tanks 

0 

0 

0 

TOTAl. : 

Boost Fuel Fraction 

603,782 

.574 

273,872 

707,545 

.562 

320,937 

(T/KN)j,jj, 

36,200 

161 ,026 N 

42,500 

189,049 
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1 


T 




GROUP WK'](!HT RTATRM1-'.NT 


CONKIGURATION : SR-VR 


Dynamic Pircsaurc 1,000 paf 

(A7,880 N/in^^) 


1,300 pnf 

N/m^) 


Comaoncnt 

Airframe Structure 

Wing 
Fuselage 
H. Tail 
V. Tail 
Nacelles 
Alighting gear 

Propulsion 

Engines (A) 

Fuel system 

Fixed F.qulpment 

Hyd. & Pneu. 

Electrical 
Avionics 
Instruments 
Do'-ice/air cond. 
Auxiliary gears 
Furnish & equip. 
Flight controls 

Cruise Fuel 

Payload 

Crew 
Missiles 
Payload support 
Boost engines & tanks 

TOTAI.: 

Boost Fuel Fraction 


Weight 


(lb) 

(kg) 

173,583 

78,736 

95,029 

43,104 

AO, 148 

18,211 

3,109 

1,410 


3,051 

10,810 

4,903 

17,760 

8,056 

53,375 

24,210 

47,850 

21,704 

5,525 

2,506 

28,964 

13,138 

4,223 

1,916 

7,114 

3,226 

5,000 

2,268 

2,738 

1,242 

3,250 

1,474 

2,252 

1,021 

1,395 

633 

2,992 

1,357 

247,766 

112,385 

215,720 

97,849 

720 

327 

200,000 

90,718 

15,000 

6,804 

0 

0 

719,408 

326,318 

.499 

43,200 

192,163 


Weight 


(lb) 



203,936 

92,504 

119,656 

54,275 

41,266 

18,718 

3,309 

1,501 

7,589 

3,442 

11,722 

5,317 

20,394 

9,251 

57,879 

26,253 

51,888 

23,536 

5,991 

2,717 

32,049 

14,537 

4,849 

2,199 

8,169 

3,705 

5,000 

2,268 

3,144 

1,426 

3,732 

1,693 

2,586 

1,173 

1,395 

633 

3,174 

1,440 

267,688 

121,421 

215,720 

97,849 

7 20 

327 

200,000 

90,718 

15,000 

6,804 

0 

0 

777,272 

352,565 

.494 

46,700 

207,732 N 


I 

I 


i 

i 
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(JROIIP WKKJHT STATl-MK.NT 
CIONKIGURATION: SK-VS 

Airframe Materia I TechnoloKy Composite 


Components 

Airframe Structure 

Wing 
Fuselage 
H. Tail 
V. Tail 
Nacelles 
Alighting gear 

Propulsion 

Engines (4) 

Fuel system 

Fixed Equipment 

Hyd. & Pneu. 
Electrical 
Avionics 
Instruments 
De-ice/air cond. 
Auxiliary gears 
Furnish & equip. 
Flight controls 

Cruise Fuel 

Payload 

Crew (3) 

Missiles 
Payload support 
Hoost engines & tanks 

TOTAL ! 

Hoost Fuel Fraction 
(T/EN),,,^ 




Weight 


(lb) 

(kg) 

89,611 

40,646 

49,091 

22,267 

23,666 

10,734 

798 

362 

1,657 

752 

4,563 

2,070 

9,836 

4,462 

32,186 

14,599 

28,854 

13,088 

3,332 

1,511 

19,953 

9,051 

2,338 

1,060 

3,940 

1,787 

5,000 

2,268 

1,516 

688 

1,800 

816 

1,247 

566 

1,395 

633 

2,717 

1,232 

85,887 

38,958 

215,720 

97,849 

720 

327 

200,000 

90,718 

15,000 

6,804 

0 

0 

443,357 

201,103 

.642 

26,600 

118,323 
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GROUP WRIGHT STATEMENT 


Payload 

Component 

CONFIGURATION; SR-FW 

2 - 80K M-X 
(36,287 kg) 

Height 

(lb) (kg) 

4 - «0K 1-X 
(36,287 kg) 

Wel'jht 

(lb) (kg) 

Airframe Structure 

97,715 


44,323 

154,291 

69,985 

Wing 

45,360 


20,575 

78,978 

35,824 

Fuselage 

32,887 


14,917 

40,470 

18,356 

H. Tail 

1,011 


459 

2,637 

1,196 

V. Tall 

2,174 


986 

4,679 

2,122 

Nacelles 

6,029 


2,735 

11,117 

5,043 

Alighting gear 

10,254 


4,651 

16,410 

7,443 

Propulsion 

29,771 


13,504 

54,895 

24,900 

Engines (4) 

26,689 


12,106 

49,213 

22,323 

Fuel system 

3,082 


1,398 

5,682 

2,577 

Fixed Equipment 

20,261 


9,190 

27,271 

12,370 

Hyd . & Pneu . 

2,438 


1,106 

3,901 

1,769 

Electrical 

4,107 


1,863 

6,573 

2,981 

Avionics 

5,000 


2,268 

5,000 

2,268 

Instruments 

1,581 


717 

2,530 

1,148 

De-ice/air cond. 

1,876 


851 

3,003 

1,362 

Auxiliary gears 

1,300 


590 

2,081 

944 

Furnish & equip. 

1,395 


633 

1,395 

633 

Flight controls 

2,564 



2,788 

1,265 

Cruise Fuel 

86,653 


39,305 

163,607 

74,210 

Payload 

175,720 


79,706 

335,720 

152,281 

Crew (3) 

720 


327 

720 

327 

Missiles 

160,000 


72,575 

320,000 

145,150 

Payload support 

15,000 


6,804 

15,000 

6,804 

Boost engines & tanks 

0 


0 

0 

0 

TOTAL ! 

410,120 


186,028 

735,784 

333,746 

Boost Fuel Fraction 

.707 



.599 



24,600 


109,426 N 

44 , 200 

196,61 1 N 
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I 


I 




(JUOllP Wl-VrriHT »TA'rP.MRNT 
CONKKiUUATION : }!K-FW 


Hnciiiramu* 8 hr 


8 hr 


Co mponent 


Weight 



WeiglU 

(Isti) 


Airframe Structure 

Wing 

Fuselage 

U. Tail 

V. Tail 
Nacelles 
Alighting gear 

Propulsion 

Engines (4) 

Fuel system 

Fixed Equipment 

Hyd. 6i Pneu. 

Electrical 
Avionics 
Instruments 
De-ice/air cond. 
Auxiliary gears 
Furnish & equip. 
Flight controls 

Cruise Fuel 

Payload 

Crew (3) 

Missiles 
Payload support 
Boost engines & tanks 

TOTAL: 

Boost Fuel Fraction 
(T/RN)^^^, 


144,166 

65,392 

79,021 

36,960 

1,726 

3,264 

8,507 

14,688 

35,843 

16,765 

783 

1,481 

3,859 

6,662 

42,007 

19,054 

37,659 

4,348 

17,081 

1,972 

25,420 

11,530 

3,492 

5,884 

5,000 

2,265 

2,688 

1,862 

1,395 

2,834 

1,584 

2,669 

2,268 

1,027 

1,219 

845 

633 

1,285 

142,462 

64,620 

215,720 

97,849 

720 

200,000 

15,000 

0 

327 

90,718 

6,804 

0 

569,775 

258,446 

.620 


34,200 

152,129 


163,213 

77,032 

91,776 

41 ,629 

38,850 

17,622 

2,170 

984 

3,944 

1,789 

9,855 

4,470 

16,618 

7,538 

48,662 

22,073 

43,625 

19,788 

5,037 

2,285 

27,623 

12,530 

3,951 

1,792 

6,657 

3,020 

5,000 

2,268 

2,562 

1,162 

3,041 

1,379 

2,107 

956 

1,395 

633 

2,910 

1,320 

200,601 

90,991 

215,720 

97,849 

720 

327 

200,000 

90,718 

15,000 

6,804 

0 

0 

655,819 

297,474 

.610 

39,400 

175,260 


36 


Ik 


GROUP WKIGIIT STATfcMKNT 


CONFIGURATION: SR-FW 


Dynamic PrcBaurc 1,000 paf 

(47,880 N/n/) 


1,300 pBf 
(62,244 N/m^) 


Component 


Weight 

(lb) (kg) 


Weight 

(lb) (kg) 


Airframe Structure 

Wing 
Fuselage 
H. Tall 
V. Tall 
Nacelles 
Alighting gear 

Propulsion 

Engines (4) 

Fuel system 

Fixed Equipment 

Hyd . & Pneu . 
Electrical 
Avionics 
Instruments 
De-ice/alr cond. 
Auxiliary gears 
Furnish & equip. 
Flight controls 

Cruise Fuel 

Payload 

Crew (3) 

Missiles 
Payload support 
Boost engines & tanks 

TOT AT,: 

Boost Fuel Fraction 

(T/EN)j,j 


159,162 

72,195 

81,489 

36,963 

39,704 

18,009 

3,334 

1,512 

7,616 

3,455 

10,465 

4,747 

16,554 

7,509 

51,672 

23,438 

46,323 

21,012 

5,349 

2,426 

27,663 

12,548 

3,936 

1,785 

6,631 

3,008 

5,000 

2,268 

2,552 

1,158 

3,029 

1,374 

2,099 

952 

1,395 

633 

3,021 

1,370 

242,973 

110,211 

215,720 

97,849 

720 

327 

200,000 

90,718 

15,000 

6,804 

0 

0 

697,190 

316,241 

.521 

41,800 

185,936 


184,819 

83,833 

103,373 

46,889 

40,583 

18,408 

3,256 

1,477 

7,698 

3,492 

11,159 

5,062 

18,750 

8,505 

55,100 

24,993 

49,397 

22,406 

5,703 

2,587 

30,258 

13,725 

4,458 

2,022 

7,511 

3,407 

5,000 

2,268 

2,891 

1,311 

3,431 

1,556 

2,378 

1,079 

1,395 

633 

3,194 

1,449 

255,685 

115,977 

215,720 

97,849 

720 

327 

200,000 

90,718 

15,000 

6,804 

0 

0 

741,582 

336,377 

.5)6 

44,500 

197,946 
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GROUP WRIGHT STATI-MIINT 


I 


CONKKUIRATION: SR-FW 


Airframe Material Terhnolof'.y GoinpoHlte 


Weifiht 


Component 

(lb) 

(ksL- 

Airframe Structure 

105,791 

47,986 

Wing 

61,668 

27,972 

Fuselage 

24,291 

11,018 

H. Tail 

1,023 

464 

V. Tail 

2,105 

955 

Nacelles 

5,273 

2,392 

Alighting gear 

11,431 

5,185 

Propulsion 

37,195 

16,871 

Engines (4) 

33,345 

15,125 

Fuel system 

3,850 

1 , 746 

Fixed Equipment 

21,729 

9,856 

Hyd . & Pneu . 

2,718 

1,233 

Electrical 

4,579 

2,077 

Avionics 

5,000 

2,268 

Instruments 

1,762 

799 

De-ice/air cond. 

2,092 

949 

Auxiliary gears 

1,449 

657 

Furnish & equip. 

1,395 

633 

Flight controls 

2,734 

1 , 240 

Cruise Fuel 

96,664 

43,846 

Payload 

215,720 

97,849 

Crew (3) 

720 

327 

Missiles 

200,000 

90,718 

Payload support 

15,000 

6,804 

Boost engines & tanks 

0 

0 

TOTALS 

477,099 

216,408 

Boost Fuel Fraction 

.657 



30,600 

136,116 


5tt 


(5H0UP WEIGHT STAT)'.MKNT 


Component 

Airframe Structure 

Wing 
Fuselage 
H. Tall 
V. Tail 
Nacelles 
Alighting gear 

Propulsion 

Engines (4) 

Fuel system 

Fixed Equipment 

Hyd, & Pneu. 
Electrical 
Avionics 
Instruments 
De-lce/alr cond. 
Auxiliary gears 
Furnish & equip. 
Flight controls 

Cruise Fuel 

Payload 

Crew (3) 
Missiles 
Payload support 
Boost engines & 

TOTAL 1 

Boost Fuel Fraction 


CONFIGURATION; UR-2P (LOX/H-^) 


2 - 

80K M-X 

4 - 

80K M-X 

(36, 

287 kg) 

(36, 

287 kg) 

Weight 

Weight 

(lb) 

(kg) 

.jm 

ih&l.. 

188,335 

85,428 

344,771 

156,385 

79,472 

36,048 

161,385 

73,203 

71,150 

32,273 

92,283 

41,859 

1,629 

739 

4,065 

1,844 

7,885 

3,577 

14,088 

6,390 

9,724 

4,411 

33,778 

15,321 

18,475 

8,380 

39,172 

17,768 

40,015 

21,779 

166,788 

75,654 

43,045 

19,525 

149,524 

67,823 

4,970 

2,254 

17,264 

7,831 

29,837 

13,535 

52,909 

23,999 

4,393 

1,993 

9,313 

4,224 

7,401 

3,357 

15,691 

7,117 

5,000 

2,268 

5,000 

2,268 

2,849 

1,292 

6,039 

2,739 

3,381 

1,534 

7,168 

3,251 

2,343 

1,063 

4,967 

2,253 

1,395 

633 

1,395 

633 

3,075 

1,395 

3,336 

1,513 

155,508 

70,537 

396,817 

179,993 

225,720 

102,385 

385,720 

174,960 

720 

327 

720 

327 

160,000 

72,575 

320,000 

145,150 

15,000 

6,804 

15,000 

6,804 

tanks 50,000 

22,680 

50,000 

22,680 

647,415 

293,664 

1,347,005 

610,991 

.378 


.316 


38,900 

173,036 N 

128,000 

569,372 
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1 


( 


! 


i 

1 


I 


CROUP WKTCtIT RTATI';M1:NT 
CON ]•’ J GU RAT ION! II K- 2V (1 ,OX /II?) 


Kndurfimu’ 


Component 

Airframe Structure 

Wing 
Fuselage 
H. Tall 
V. Tail 
Nacelles 
Alighting gear 

Propulsion 

Engines (4) 

Fuel system 

Fixed Equipment 

Hyd. & Pneu. 

Electrical 
Avionics 
Instruments 
De-ice/ air cond. 
Auxiliary gears 
Furnish & equip. 
Flight controls 

Cruise Fuel 

Payload 

Crew (3) 

Missiles 
Payload support 
Boost engines & tanks 

TOTAL: 

Boost Fuel Fraction 

(T/EN)j,jj, 


8 hr 


10 lir 

Weight 



(lb) 


WeJjjllt 

271,548 

123,172 


135,520 

61,471 


80,421 

36,478 


2,820 

1,279 


11,737 

5,324 

N 

14,522 

6,587 

0 

26,528 

12,033 




C 

71,709 

32,527 

0 

XI 

64,286 

29,160 

V 

7,423 

3,367 

E 

38,996 

17,688 

R 

G 

6,307 

2,861 

E 

10,627 

4,820 

D 

5,000 

2,268 


4,090 

1,855 

A 

4,855 

2,202 

1 

3,364 

1,526 

R 

1,395 

633 

C 

3,358 

1,523 

R 



A 

266,236 

120,763 

F 



T 

265,720 

120,529 


720 

327 


200,000 

90,718 


15,000 

6,804 


50,000 

22,680 


914,209 

414,679 


.333 



57,100 

253,993 N 
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1 


f;KOl)l* WHICIIT KTATI-IMI'.NT 


CONt'T.OllRATlON! 1)R-?.P (l.OX/ll^) 


Dynninlo ProH 

sure 1,000 

psf 


300 pfil 

(47,fiBO 

N/m^) 

(62, 

244 N/iii^) 


Weight 

Weight 

Component 

(lb) 

(ktf) 


(kuL,. 

Airframe Structure 

220,348 

99,948 

222,680 

10! ,00/ 

Wing 

96,044 

43,565 

96,044 

43,565 

Fuselage 

75,389 

34,196 

75,389 

34,196 

H. Tail 

2,847 

1,291 

3,578 

1 ,623 

V. Tail 

11,791 

5,348 

12,943 

5,871 

Nacelles 

12,264 

5,563 

12,264 

5,563 

Alighting gear 

22,013 

9,985 

22,462 

10,189 

Propulsion 

60,559 

27,469 

60,558 

27,469 

Engines (4) 

54,290 

24,626 

54,290 

24,626 

Fuel system 

6,268 

2,843 

6 , 268 

2 , 843 

Fixed Equipment 

33,815 

15,339 

34,105 

15,469 

Hyd. & Pneu. 

5,151 

2,336 

5,151 

2,336 

Electrical 

8,678 

3,936 

8,678 

3,936 

Avionics 

5,000 

2,268 

5,000 

2,268 

Instruments 

3,340 

1,515 

3,340 

1,515 

De-icc/alr cond. 

3,964 

1,798 

3,964 

1,798 

Auxiliary gears 

2,747 

1,246 

2,747 

1,246 

Furnish & equip. 

1,395 

633 

1,395 

633 

Flight controls 

3,540 

1,737 

3,830 

1 ,737 

Cruise Fuel 

185,313 

84,057 

196,433 

89,101 

Payload 

265,720 

120,529 

265,720 

120,529 

Crew (3) 

720 

327 

720 

327 

Missi Ics 

200,000 

90,718 

200,000 

90,718 

Payload support 

15,000 

6,804 

15,000 

6,804 

Boost engines & tanks 

50,000 

22,680 

50,000 

22 , 680 

TOTAT, : 

765,755 

347,342 

779,436 

353,575 

Boost Fu«>l Fraction 

.293 


.29) 



48,600 

216,183 N 

48,600 

216,183 
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WKT.CIIT STATKMKNT 
CONKJCIIKATIONS (I.OX/II;)) 


Al rfrnim^ MnC.nrla.1 Toalinolof’.y Ci^nipon l I c 


Cnmponant _ _ 

Airframe Structure 

Wing 
Puselage 
H. Tail 
V. Tail 
Nacelles 
Alighting gear 

Propulsion 

Engines (4) 

Fuel system 

Fixed Equipment 

llyd. & Pneu. 
Electrical 
Avionics 
Instruments 
De-ice/air cond. 
Auxiliary gears 
Furnish & equip. 
Flight controls 

Cruise Fuel 

Payload 

Crew (3) 

Missiles 
Payload support 
Boost engines & tanks 

TOTAL: 

Boost Fuel Fraction 
rr 


Weight 

We J }',l>t 

(1h) 

. (kg) . 



59,792 

55,152 

25,017 

49,063 

22,255 

1,061 

481 

5,247 

2,380 

6,976 

3,164 

14,319 

6,495 

49,207 

22,320 

44,114 

20,010 

5,093 

2,310 

25,257 

11,456 

3,404 

1,544 

5,736 

2,602 

5,000 

2,268 

2,208 

1,002 

2,620 

1,188 

1,816 

824 

1,395 

633 

3,078 

1,396 

148,591 

67,400 

265,720 

120,529 

720 

327 

200,000 

90,718 

15,000 

6,804 

50,000 

22,680 

620,593 

281 ,496 

.389 

39,800 

177,039 N 




Airframe Struc.tvirc 

WiiiK 
FuBulugc 
H. Tail 
V. Tall 
Naeullus 
Alighting gear 

Propulsion 

Engines (A) 

Fuel system 

Fixed Equipment 

Hyd. & Pneu. 
Electrical 
Avionics 
Instruments 
De-lce/air cond. 
Auxiliary gears 
Furnish & equip. 
Flight controls 

Cruise Fuel 

Payload 

Crew (3) 
Missiles 
Payload support 
Boost engines & 

TOTAL ! 

Boost Fuel Fraction 
(T/EN),j^, 


i 


(mnup wKicH'J.' btatI'’.mi:nt 


CONFIflUHATIONt HK-VS (LOX/II;*) 


tanks 


'}. HOK M"X 
(3f),287 kg) 

W(> Ight 


AlhL . ... 


179,248 

81,306 

79,786 

36,190 

67,337 

30,544 

1,526 

692 

3,592 

1 ,629 

9,353 

4,242 

17,654 

8,008 

46,185 

20,949 

41,404 

18,781 

4,781 

2,169 

28,927 

13,121 

4,197 

1,904 

7,072 

3,208 

5,000 

2,268 

2,722 

1,235 

3,231 

1,466 

2,239 

1 ,016 

1,395 

633 

3,071 

1,393 

143,748 

65,203 

225,720 

102,385 

720 

327 

160,000 

72,575 

15,000 

6,804 

50,000 

22,680 

623,828 

282,964 

. 356 

37,400 

166,363 N 


/» - HOK M X 
(.10,287 kg) 

We I gill 


(lb) 

(kg) 

332,749 

150,932 

165,183 

74,92(1 

86,729 

39 , 340 

4,280 

1 ,941 

7,544 

3,422 

31,567 

14,319 

37,446 

16,985 

155,872 

70,702 

139,738 

63,384 

16,134 

7,318 

51,042 

23,152 

8,903 

4,038 

15,000 

6,804 

5,000 

2,268 

5,773 

2,619 

6,853 

3,108 

4,748 

2,154 

1 ,395 

633 

3,370 

1,529 

347,297 

157,531 

385,720 

174,960 

720 

327 

320,000 

145,150 

15,000 

6,804 

50,000 

22,680 

1,272,680 

577,278 

.303 

120,000 

533,787 
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I 


I 

i I 


I 


(IHOlll' WK.IfJM'l' STATKMENT 



CONFICDUATTON! IIK-VS (I.OX/llp) 



Kmlurnmir 

8 

lir 

10 

hr 



We if'.ht 

Weight 

(■lompoiionl: 

. . ... * 


(kuL-. 

Am 

w . . 

Alrfrnmo Strm’.lvirp 


260,781 

118,288 

318,779 

144,596 

Wing 
Fuselage 
H. Tail 
V. Tail 
Nacelles 
Alighting gear 


136,738 

62,023 

179,448 

81,396 


75iS0A 

3,246 

6,987 

13,108 

25,198 

34,248 

1,472 

3,169 

5,946 

11,430 

81,117 

3,855 

7,544 

16,128 

30,687 

36,794 
1 ,749 
3,421 
7,316 
13,919 

Propulsion 


64,724 

29,358 

79,635 

36,122. 

Engines (A) 
Fuel system 


58,024 

6,700 

26,319 

3,039 

71,392 

8,243 

32,383 

3,739 

Fixed Equipment 


37,603 

17,056 

43,778 

19,857 

Hyd. & Pneu. 
Electrical 
Avionics 
Instruments 
De-ice /air cond. 
Auxiliary gears 
Furnish & equip. 
Flight controls 


5,991 

10,094 

5,000 

3,885 

4,611 

3,195 

1,395 

3,432 

2,717 

4,579 

2,268 

1,762 

2,092 

1,449 

633 

1,557 

7,296 

12,292 

5,000 

4,731 

5,616 

3,891 

1,395 

3,557 

3,309 

5,576 

2,268 

2,146 

2,547 

1,765 

633 

1,613 

Cruise Fuel 


232,425 

105,426 

346,118 

156,996 

Payload 


265,720 

120,529 

265,720 

120,529 

Crew (3) 
Mlsailes 
Payload support 
Boost engines & 

tanks 

720 

200,000 

15,000 

50,000 

327 

90,718 

6,804 

22,680 

720 

200,000 

15,000 

50,000 

327 

90,718 

6,804 

22,680 

TOTAL! 


861,253 

390,658 

1,054,030 

478,100 

Boost Fuel Fraction 


.317 


.309 


CT/KN)„_^ 


51,700 

229,973 N 

63,200 

281,128 




OROUr WRICIl'J' S'l.’ATIiMHNT 
CONFICJIIUATION ; UR-VS (F.OX/11^) 


I 

I 


nynnmic PrcHRtirc 1,000 i>hI 

(A7,fttt0 N/m-') 


! , 'JOO 1)11 r 
(02, N/mO 


Com p oiKint 

Airfnmci Structure 

Wing 
Fuselage 
H. Tail 
V. Tail 
Nacelles 
Alighting gear 

Propulsion 

Engines (A) 

Fuel system 

Fixed Equipment 

Hyd. & Pneu. 

Electrical 
Avionics 
Instruments 
Dc-ice/alr cond. 
Auxiliary gears 
Furnish & equips 
Flight controls 

Cruise Fuel 

Payload 

Crew (3) 

Missiles 
Payload support 
Boost engines & tanks 

TOTAL: 

Roost Fuel Fraction 


Weight 

(IbL 


283,163 

128,441 

147,497 

66,904 

80,071 

36,320 

3,777 

1,713 

8,512 

3,861 

15,519 

7,039 

27,787 

12,604 

76,629 

34,758 

68,697 

31,160 

7,932 

3,598 

40,590 

18,411 

6,606 

2,996 

11,131 

5,048 

5,000 

2,268 

4,284 

1,943 

5,085 

2,307 

3,523 

1,598 

1,395 

633 

3,566 

1,618 

350,098 

158,802 

265,720 

120,529 

720 

327 

200,000 

90,718 

15,000 

6,804 

50,000 

22,680 

1 , 016,200 

460,941 

.276 

61,000 

2 / 1,342 


We I gill 



( kg ) 

354,826 

160,946 

206,142 

93 , 504 

83,653 

37,944 

4,045 

1,835 

9,343 

4,238 

17,656 

8,009 

33,987 

15,416 

87,182 

39,545 

78,158 

35,452 

9,024 

4,093 

47,725 

21,648 

8,080 

3,665 

13,614 

6,175 

5,000 

2,268 

5,240 

2,377 

6,220 

2,821 

4,310 

1,955 

1,395 

633 

3,866 

1,754 

394,042 

178,734 

265,720 

120,529 

720 

327 

200,000 

90,718 

15,000 

6,804 

50,000 

22,680 

1 , 149,495 

521,402 

.270 

69,000 

306,927 N 


65 


(IKOUP WKKillT STATKMRNT 


CONKKUIHATION : UK-VS (LOX/llj.) 


Air Frnnu» Mntorlol Tc'clmolony Com|)oHlf.<> 



Weight 

Weight 

Com^on^iJ; _ 


1 

1 

f 

Ai.rframo Strurturcj 

129,057 

58,538 

Wing 

59,433 

26,958 

Fuselage 

46,276 

20,990 

H. Tail 

1,006 

456 

V. Tail 

2,436 

1,105 

Nacelles 

6,201 

2,813 

Alighting gear 

13,705 

6,216 

Propulsion 

43,744 

19,842 

Engines (4) 

39,216 

17,788 

Fuel system 

4,528 

2,054 

Fixed Equipment 

24,628 

11,168 

Hyd. & Pneu. 

3,258 

1,477 

Electrical 

5,490 

2,490 

Avionics 

5,000 

2,268 

Instruments 

2,113 

958 

De-ice/alr cond. 

2,508 

1,136 

Auxiliary gears 

1 ,738 

788 

Furnish & equip. 

1,395 

633 

Flight controls 

3,126 

1 ,418 

Cruise Fuel 

129,120 

58,568 

Payload 

265,720 

120,529 

Crew (3) 

720 

327 

Missiles 

200,000 

90,718 

Payload support 

15,000 

6,804 

Boost engines & tanks 

50,000 

22,680 

TOTAL: 

592,269 

268,645 

Boost Fuel Fraction 

. 366 



35,600 

158,357 1 


66 


CiKOUP WKICIU'J' HTATl-lMKHT 
CONl-'XCUlU'nON : 1IR"FW (LOX/H?) 


Payload 


Co mpon ent 

Airframe Structure 

Wing 
Fuaelage 
11. Tail 
V. Tail 
Nacelles 
Alighting gear 

Propulsion 

Engines (4) 

Fuel system 

Fixed Equipment 

Hyd. & Pneu. 

Electrical 
Avionics 
Instruments 
De-ice/ air cond. 
Auxiliary gears 
Furnish & equip. 

Plight controls 

Cruise Fuel 

Payload 

Crew (3) 

Missiles 
Payload support 
Hoost engines & tanks 

TOTAl.: 

Boost Fuel Fraction 

/tt\ /T?llt\ 


2 - aOK M-X 
Cif),287 kg) 


Weight 


(Ibl 

Otg) „ 

183,555 

83,259 

80,518 

36,522 

69,429 

31,492 

1,510 

685 

3,531 

1,602 

10,249 

4,649 

18,318 

8,309 

50,607 

22,954 

45,369 

20,579 

5,238 

2,375 

29,779 

13,508 

4,355 

1,975 

7,338 

3,328 

5,000 

2,268 

2,824 

1,281 

3,352 

1,520 

2,323 

1,054 

1,395 

633 

3,192 

1,448 

141,362 

64,121 

225,720 

102,385 

720 

327 

160,000 

72,575 

15,000 

6,804 

50,000 

22,680 

631,023 

286,227 

.413 

41.000 

182,377 


/, - 80K M-X 
(36,287 kg) 

Weight 





267,277 

121,235 

135,014 

61,241 

80,784 

36,643 

3,439 

1,559 

6,931 

3,144 

14,792 

6,710 

26,317 

11,937 

73,038 

33,129 

65,478 

29,700 

7,560 

3,429 

38,912 

17,650 

6,257 

2,838 

10,542 

4,782 

5,000 

2,268 

4,058 

1,841 

4,816 

2,185 

3,337 

1,514 

1,395 

633 

3,507 

1,591 

201,9 38 

91,598 

385,720 

174,960 

720 

327 

320,000 

145,150 

15,000 

6,804 

50,000 

22,680 

966,885 

438,572 

.371 


58,000 

257,997 



cntOlIP Wl'MCjllT STATKMP’NT 


I 


CONFUIUKATTON: IJR-W (I,OX/ll^) 


KntluraiK'o 


8 hr 


10 lir 



Weight 


Weight 

Component 

(lb) 

(kg) 

(lb) 

(J<i5) 

Airframe Stmcture 

230,695 

104,641 

260,737 

118,268 

Wing 

112,781 

51,156 

130,917 

59,383 

Fuselage 

75,937 

34,444 

80,469 

36,500 

H. Tail 

2,277 

1,033 

3,019 

1,369 

V. Tall 

4,741 

2,150 

5,941 

2,695 

Nacelles 

12,318 

5,587 

14,628 

6,635 

Alighting gear 

22,641 

10,270 

25,763 

11,686 

Propulsion 

60,823 

27,589 

72,231 

32,763 

Engines (4) 

54,527 

24,733 

64,754 

29,372 

Fuel system 

6,296 

2,856 

7,477 

3,391 

Fixed Equipment 

34,725 

15,751 

38,241 

17,346 

Hyd. & Pneu. 

5,383 

2,442 

6,125 

2,778 

Electrical 

9,069 

4,114 

10,320 

4,681 

Avionics 

5,000 

2,268 

5,000 

2,268 

Instruments 

3,491 

1,583 

3,972 

1,802 

De-ice/air cond. 

4,143 

1,879 

4,715 

2,139 

Auxiliary gears 

2,871 

1,302 

3,267 

1,482 

Furnish & equip. 

1 ,395 

633 

1,395 

633 

Flight controls 

3,373 

1,530 

3,447 

1,564 

Cruise Fuel 

220,272 

99,914 

319,353 

144,856 

Payload 

265,720 

120,529 

265,720 

120,529 

Crew (3) 

720 

327 

720 

327 

Missiles 

200,000 

90,718 

200,000 

90,718 

Payload support 

15,000 

6,804 

15,000 

6,804 

Boost engines & tanks 

50,000 

22,680 

50,000 

22,680 

TOTAL: 

812,235 

368,424 

956,282 

433,762 

Boost Fuel Fraction 

.379 


.371 



48,700 

216,628 N 

57,400 

255,327 
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GROUP WRIGHT HTATF.MKNT 
CONFIGURATION: UR-I-’W (1.0X/H?) 


Dynamic Preaaure 1,000 paf 

(47,880 N/mO 


l,:i00 paf 
(62,244 N/mO 


Component 


Weight 

^Ib) (kg) 


Weight 

(lb) '<S)__ 


Airframe Structure 

Wing 
Fuselage 
H. Tail 
V. Tall 
Nacelles 
Alighting gear 

Propulsion 

Engines (4) 

Fuel system 

Fixed Equipment 

Hyd . & Pneu . 

Electrical 
Avionics 
Instruments 
De-'lce/alr cond. 
Auxiliary gears 
Furnish & equip. 
Flight controls 

Cruise Fuel 

Payload 

Crew (3) 

Missiles 
Payload support 
Boost engines & tanks 

TOTAl.: 

Boost Fuel Fraction 


224,059 

101,631 

96,153 

43,614 

79,202 

35,925 

3,562 

1,616 

8,512 

3,861 

13,896 

6,303 

22,734 

10,312 

68,617 

31,124 

61,514 

27,902 

7,103 

3,222 

34,904 

15,832 

5,405 

2,452 

9,107 

4,131 

5,000 

2,268 

3,505 

1,590 

4,160 

1,887 

2,883 

1,308 

1,395 

633 

3,449 

1,564 

321,163 

145,677 

265,720 

120,529 

720 

327 

200,000 

90,718 

15,000 

6,804 

50,000 

22,680 

914,463 

414,793 

.322 

54,900 

244,207 


237,559 

107,755 

105,992 

48,077 

80,211 

36,383 

3,634 

1,648 

9,343 

4,238 

14,425 

6,543 

23,954 

10,865 

71,227 

32,308 

63,854 

28,964 

7,373 

3,344 

36,388 

16,505 

5,695 

2.583 

9,596 

4,353 

5,000 

2,268 

3,693 

1,675 

4,384 

1,989 

3,037 

1,378 

1,395 

633 

3,588 

1,627 

336,786 

152,764 

265,720 

120,529 

720 

327 

200,000 

90,718 

15,000 

6,804 

50,000 

22,680 

947,680 

429,860 

.321 

56,900 

253,104 N 


r 


I 


I 


1 


I 


i 

i 


t 

\ 


OKoup WKJcnr ktatI'^miont 
CON F Kill RAT 1 0N ! UR'' l'’W (1 ,OX / U ;; ) 

Alrl raino Matc'i'inl Ttn’linol 0 }>,y (iompoHlta 


Component 

Weight 

Ob) 

Weight 

Airframe Structure 

Wing 
Fuselage 
H. Tail 
V. Tall 
Nacelles 
Alighting gear 

123,860 

54,178 

47,138 

942 

2,308 

6,055 

13,239 

56,182 

24,575 

21,381 

427 

1,047 

2,747 

6,005 

Propulsion 

Engines (4) 
Fuel system 

42,714 

38,293 

4,421 

19,375 

17,369 

2,006 

Fixed Equipment 

Hyd. & Pneu, 
Electrical 
Avionics 
Instruments 
De-ice/air cond. 
Auxiliary gears 
Furnish S equip. 
Flight controls 

24,183 

3,148 

5,303 

5,000 

2,041 

2,423 

1,679 

1,395 

3,194 

10,969 

1,428 

2,405 

2,268 

926 

1,099 

762 

633 

1,449 

Cruise Fuel 

122,515 

55,572 

Fayload 

Crew (3) 

Missiles 
Payload support 
Boost engines & tanks 

265,720 

720 

200,000 

15.000 

50.000 

120,529 

327 

90,718 

6,804 

22,680 

TOTAL! 

578,992 

262,626 

Boost Fuel Fraction 

.431 


(T/hN) J.J j. 

34,800 

154,798 


i 
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APPENDIX C, 


DEVEDOPMENT. AND ACgUtHTTTON COST DI'.TAII.S 


Development and acqulHition coHtfl are preBonted an a function of fleet 
size. No crulHO engine development costa were aHHOclated with any oi the cnn- 
ceptB since existing CE-6 or JT-9 enginefi were used. Each aircraft roqulre<l 
four cruise engines. The coats for the engines and boost propulsion include 
an additional five aircraft for tost purposes. Cost senaltivity to changes In 
complexity factor are tabulated. Included are group weight statements for the 
UR-FW-UDMH configuration for 320,000 lb (145, ISO kg) of payload and for 10 
percent changes in both payload and endurance. These weights were used to ob- 
tain cost sensitivity information for changes in these two parameters. The 
configuration notation is given in Appendix A. 
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Airframe 

Propulsion 

Avionics 

Support 

Facilities 

Boost System 


TOTAL : 


No. 


I 


DEVELOPMENT AND ACQUISITION COST 
CONFIGURATION: SR-2P 

(All costs in millions of dollars) 


Develop. 


Acquisition 
Number of Aircraft 



56 

112 

167 

223 

528 

803 

1,263 

1,631 

1,960 

0 

244 

468 

688 

912 

63 

47 

85 

118 

151 

209 

409 

676 

902 

1,112 

0 

220 

220 

220 

220 

0 

366 

702 

1,032 

1,368 

800 

2,089 

3,414 

4,591 

5,723 


Aircraft 


Total Dev. & Acq. Cost 


56 

112 

167 

223 


2,889 
A, 214 
5,391 
6,523 


i 
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I 


DEVELOPMENT AND ACQUISITION COST 
CONFIGURATION; SR-VS 
(All costs in millions of dollars) 


Develop. 

56 


Aiiframe 547 825 
Propulsion 0 244 
Avionics 63 47 
Support 212 414 
Facilities 0 220 

Boost System 0 366 


TOTAL; 822 2,116 


Acquisition 
Number cf Aircraft 


112 

167 

223 

1,297 

1,675 

2,013 

468 

688 

912 

85 

118 

151 

684 

912 

1,124 

220 

220 

220 

702 

1,032 

1,368 

3,456 

4,645 

5,788 


Mo. Aircraft 

Total Dev. & Acq. Cost 

56 

2,938 

112 

4,278 

167 

5,467 

223 

6,610 
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DEVFXOPMENT AND ACQUISITION COST 
CONFIGURATION : SR-FW 

(All costs in millions of dollars) 


Acquisition 



Airframe 540 
Propulsion 0 
Avionics 63 
Support 210 
Facilities 0 

Boost System 0 


TOTAL: 813 


Number of 


56 

112 

817 

1,285 

244 

468 

47 

85 

411 

679 

220 

220 

336 

702 

2,105 

3,439 


Aircraft 


167 

223 

1,660 

1,994 

688 

912 

118 

151 

906 

1,116 

220 

220 

1,032 

1,368 

4,624 

5,761 


No. Aircraft 


Total Dev. & Acc 


56 

2,918 

112 

4,252 

167 

5,437 

223 

6,574 
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DEVELOPMENT AND AO^UISITION COST 
CONFIGURATION: UR-2P (LOX/IL.) 

(All coats in millions of dollars) 


Develop. 


56 


Airframe 

788 

1,086 

Propulsion 

0 

244 

Avionics 

63 

47 

Support 

286 

539 

Facilities 

0 

220 

Boost Systems 

0 

1,220 

TOTAL: 

1,137 

3,356 


No. Aircraft 


Acquisition 


Number of 

Aircraft 


112 

167 

223 

1,702 

2,194 

2,635 

468 

688 

912 

85 

118 

151 

888 

1,183 

1,457 

220 

220 

220 

2,340 

3,440 

4,560 

5,703 

7,843 

9,935 


Dev. & Acq. C oat 


56 

4,493 

112 

6,840 

16/ 

8,980 

223 

11,072 
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DKVP.LOPMKNT AND AC()UIS1TI0N COST 
CONFIGURATION; UR-VS (LOX/llx) 
(All costs in millions of dollars) 


Airframe 

Propulsion 

Avionics 

Support 

Facilities 

Boost System 


TOTAL: 


No . 


Acquisition 


Develop. 

56 


778 

1,076 

0 

244 

63 

47 

277 

524 

0 

220 

0 

1,220 

,118 

3,331 


Number of Aircraft 


112 

167 

1,686 

2,174 

468 

688 

85 

118 

862 

1,147 

220 

220 

2,340 

3,440 

5,661 

7,787 


2,61( 

91 

15 

1,41 

22 

4,56 


9,86 


Aircraft 


Total Dev. & Acq. Cost 


56 

112 

167 

223 


4,449 

6,779 

8,905 

10,982 


DICVKLOPMKNT AND AtKJD'iSl'nON COS'I’ 
CONKKiURATlON: DR-I-'W (LOX/llj.) 

(All coats in mllllona of dolJ.jirtt) 


Airframe 

Propulsion 

Avionics 

Support 

Facilities 

Boost System 


TOTAL; 


No, 




Acquisition 



Number of 

Alrcraf t 

Develop. 

56 

112 

167 

721 

1,015 

1,592 

2,054 

0 

244 

468 

688 

63 

47 

85 

118 

263 

501 

825 

1,098 

0 

220 

220 

220 

0 

1,220 

2,340 

3,440 

1,047 

3,247 

5,530 

7,618 


Aircraft 


Total Dov . & A cq. .^Cp s t 


56 

112 

167 

223 


4,294 

6,577 

8,665 

10,709 


])KVI':i,01>MI'’,NT AND A(’(}ll] SITJON CODT 
OONMCIIUATION; 1JK-2P (UDMIl) 
(All coHtH In million!! of doll/irn) 


Acgtil u lt-lon 





Number of 

Aircraft 


Develop. 

56 

112 

167 

Airframe 

694 

987 

1,548 

1,997 

Propulsion 

0 

244 

468 

688 

Avionics 

63 

47 

85 

118 

Support 

262 

500 

825 

1,100 

Facilities 

0 

220 

220 

220 

Boost System 

800 

1,220 

2,340 

3,440 

TOTAL: 

1,819 

3,218 

5,486 

7,563 


No. Aircraft 

Total Dev. & Acq. Cost 

56 

5,037 

112 

7,305 

167 

9,382 

223 

11,416 


2,399 

912 

15) 

1,355 

220 

•4,560 


9,597 


DKVKI.Ol'MKNT AN)) A(;<JU 1 M TJON COST 
(:nN)<’:iouHAT::oN: dk-i-'w (udmh) 

(AU li) mlll lonti ol dolliini) 

Ai'iiii l s 1 1 Ion 
Nimil)('r t'l' Alri'i'al'l 



Develop. 

56 

112 

167 

223 

Alriramc 

685 

978 

1,534 

1,979 

2,377 

Propulsion 

0 

2AA 

468 

688 

912 

Avionics 

63 

47 

85 

118 

1 51 

Support 

252 

482 

794 

1 ,058 

1 ,302 

)'‘acilitie8 

0 

220 

22.0 

220 

220 

Boost System 

800 

1,220 

2,340 

3,440 

4,560 

TOTAL; 

1,800 

3,191 

5,441 

7,503 

9,522 


No. Aircraft 

Total Dev. & Acq^. Cost 

56 

4,991 

112 

7,241 

167 

9,303 

223 

11,322 



I 




DBVKLOPMHNT AND ACQUISITION COST 
CONFICURATION: UR-KW (UDMII) 


5 % increase tn (labor + engineering + tooling) hours 



(All costs 

in millions of dollars) 





Acquisition 





Number of 

Aircraft 



Develop. 

56 

112 

167 

223 

Airframe 

Propulsion 

Avionics 

Support 

Facilities 

724 

0 

63 

268 

0 

1,029 

244 

47 

512 

220 

1,612 

468 

85 

844 

220 

2,078 

688 

118 

1,124 

220 

2,494 

912 

151 

1,384 

220 

Boost System 

800 

1,220 

2,340 

3,440 

4,560 

TOTAL ! 

1,855 

3,272 

5,569 

7,668 

9,721 


No. Aircraft 

Total Dev. 6 Acq. Coat 

56 

5,127 

112 

7,424 

167 

9,523 

223 

11,576 


DKVKLOPMKNT AND ACIJUJHJTION COST 
CONKICURATION: IIU-!<‘W (UDMII) 

10% increase in (labor + onRinccring + tooling) lioora 
(All costs in millions of dollars) 

Acquisition 


Number of Aircraft 



Develop. 







56 

112 

167 

223 

Airframe 

751 

1,066 

1,668 

2,149 

2,578 

Propulsion 

0 

244 

468 

688 

912 

Avionics 

63 

47 

85 

118 

151 

Support 

273 

524 

861 

1,146 

1,409 

Facilities 

0 

220 

220 

220 

220 

Boost System 

800 

1,220 

2 , 340 

3,440 

4,560 

TOTAL; 

1,887 

3,321 

5,642 

7,761 

9,830 


No. Aircraft 

Total Dev. & 

56 

5,208 

112 

7,529 

167 

9,648 

223 

11,717 


HI 


cKOlu* wi-:k;i]t statkmknt 


I 


] 


CONFICUKATIONJ UU-FW (lIDMll) 


10% t’ntliir;m(^c ami payload chaiiKt' for oconoinli’ study 
Payload 220,000 l.b (99,790 kp,) . Fiuluram-o - fi.h hr 

Weight Welglit 


Component 

(lb) 

Airframe Structure- 

187,904 

Wing 
Fuselage 
H. Tail 
V. Tail 
Nacelles 
Alighting gear 

89,815 

63,503 

2,352 

5,141 

8,934 

18,159 

Propulsion 

44,114 

Engines (4) 
Fuel system 

39,548 

4,566 

Fixed Equipment 

29,644 

Hyd. & Pneu. 
Electrical 
Avionics 
Instruments 
De-ice/air cond. 
Auxiliary gears 
Furnish & equip. 
Flight controls 

4,317 

7,274 

5,000 

2,800 

3,323 

2,303 

1,395 

3,232 

Cruise Fuel 

140,068 

Payload 

275,720 

Crew (3) 

Mlsailea 
Payload support 
Boost engines & tanks 

720 

220,000 

15.000 

40.000 

TOTAL : 

677,450 

Boost Fuel Fraction 

.488 


42,400 


Lkg) _ 

(lb) 



85,231 

182,134 

82,615 

40,739 

87,839 

39,843 

28,804 

62,252 

28,237 

1,067 

1,836 

833 

2,332 

3,901 

1,769 

4,052 

8,678 

3,936 

8,237 

17,628 

7,996 

20,010 

42,852 

19,437 

17,939 

38,416 

17,425 

2,071 

4,436 

2,012 

13,446 

28,986 

OC 

1,958 

4,191 

1,901 

3,299 

7,061 

3,203 

2,268 

5,000 

2,268 

1,270 

2,718 

1,233 

1,507 

3,226 

1,463 

1,045 

2,235 

1,014 

633 

1,395 

633 

1,466 

3,160 

1,433 

63,534 

151 ,132 

68,552 

125,064 

255,720 

115,993 

327 

720 

327 

99,790 

200,000 

90,718 

6,804 

15,000 

6,804 

18,144 

40,000 

18,144 

307,286 

660,824 

299,745 


.491 


188,605 N 

41,300 

183,712 
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DEVHLOl'MKNT AND AC(}U1S I TION COb'J 
CONFIGUKATION: DR-FW (UDMi!) 

Payload = 220,000 lb (99,790 Ur) 

(All costs in millions of dollars) 

Acquisition 
Number of Aircraft 

Develop. 

56 112 167 22:1 


Airframe 

709 

1,003 

Propulsion 

0 

244 

Avionics 

63 

47 

Support 

261 

499 

Facilities 

0 

220 

Boost System 

800 

1,220 

TOTAI. : 

1,833 

3,233 

No. 

Aircraft 



56 



112 



167 



223 



1,573 

2,030 

2,438 

468 

688 

912 

85 

118 

151 

822 

1,095 

1,349 

220 

220 

220 

2,340 

3,440 

4,560 

5,508 

7,591 

9,630 


Lai De v. & Acq. Cost 

5,066 

7,341 

9,424 

11,463 


] 


DKVHU)PMKNT AND ACKJllTSmON COS'J' 
CONFIGURATION! UR-FW (UDMIl) 


Endurance =■ 6. 6 hours 
(All costs in millions of dollars) 


Develop. 

56 


Airframe 

693 

987 

Propulsion 

0 

244 

Avionics 

63 

47 

Support 

257 

491 

Facilities 

0 

220 

Boost System 

800 

1,220 

TOTAL : 

1,813 

3,209 


Acquisition 


Number of 

Aircraft 


112 

167 

223 

1,547 

1,997 

2,399 

468 

688 

912 

85 

118 

151 

809 

1,079 

1,329 

220 

220 

220 

2,340 

3,440 

4,560 

5,469 

7,542 

9,571 


No. Aircraft 


Total De v. & Acq. Cost 


56 

112 

167 

223 


5,022 

7,282 

9,355 

11,384 


84 
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WKICllT STATKMKNT 


CONKICItUATION; 


Component 

Airframn Structure 

Wing 
Fuselage 
H. Tall 
V. Tail 
Nacelles 
Alighting gear 

Propulsion 

Engines (4) 

Fuel system 

Fixed Equipment 

Hyd • & Pneu . 
Electrical 
Avionics 
Instruments 
De-ice/alr cond. 
Auxiliary gears 
Furnish & equip. 
Flight controls 

Cruise Fuel 

Payload 

Crew (3) 

Missiles 
Payload support 
Boost engines & tanks 

TOTAL: 

Boost l'’ut'l Fraction 


IIU-FW-UI)MI1 


I'ay Iliad 

320, 000 III 

(143, 

130 l<i-) 

W(‘lj’ht 

Wei 



233,747 

106,026 

103,483 

46,940 

80,824 

36,661 

3,198 

1,45! 

6,766 

3,069 

5 , 832. 

2,643 

33,642 

15,260 

57,597 

26,126 

51,635 

23,421 

5,962 

2,705 

40,919 

18,560 

4,446 

2,017 

13,475 

6,112 

5,000 

2,268 

3,300 

1,497 

7,333 

3 , 326 

3,208 

1,455 

1,395 

633 

2,762 

1 ,233 

205,696 

93,302 

375,720 

170,424 

720 

327 

320,000 

1 A3, 130 

13,000 

6,804 

40,000 

18,144 

913,679 

414,438 

.455 

53 , 300 

243,98/ 


83 


I 


I 


I 


m-lVia.ni’MRNT AND ACCJll tSlTJ ON COST 
CONFICIIUATION t UK-W-UOMU 
Puyloud 320,000 lb (145,150 ky) (4 - 80K M-X) 


(All costs In millions of dollars) 


Number of Aircraft 


Develop. 




28 

56 

84 

112 

223 

Airframe 

840 

716 

1,140 

1,488 

1,784 

2,762 

Propulsion 

0 

132 

244 

356 

468 

912 

Avionics 

63 

26 

47 

66 

85 

151 

Support 

305 

344 

571 

767 

941 

1,545 

Facilities 

0 

220 

220 

220 

220 

220 

Boost System 

800 

660 

1,220 

1,780 

2,340 

4,560 

TOTAL: 

2,008 

2,098 

3,442 

4,677 

5,838 

10,150 


No. Aircraft 

Total Dev. & Acq . Cost 

28 

4,106 

56 

5,450 

84 

6,685 

112 

7,846 

223 

12,158 
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